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ABSTRACT 
Retinta cattle, a rustic beef breed raised in free-
ranging conditions in the Southwest of Spain, are adapted to 
seasonal pasture scarcity but exhibit a prolonged calving 
interval. This study characterized the ovarian activity and 
response to progestagen treatment (Synchromate-B type) in 
feed-restricted, postpartum Retinta cows. Forty cows were fed 
a restricted diet so that competition among cows resulted in a 
range of body condition scores (BCS) of 2 through 6 on a 1-9 
scale. On the 90th postpartum day, a Norgestomet ear implant 
was administered to Treated cows (n=20) for 9 days, followed 
by a 48-hour period of calf withdrawal. The remaining 20 cows 
served as Controls. For both groups, daily to weekly blood 
samples were collected from the 2nd to the 9th month 
postpartum and assayed for 17-P-estradiol and progesterone. 
Intact bulls were used for breeding and estrous detection. 
Calves were weaned at 7-7.5 months of age. Twenty-seven cows 
showed estrus (on the 16-35th week postpartum) and 24 cows 
were confirmed pregnant (on the 19-35th week postpartxom) by 
the end of the experiment. Treatment neither affected the 
conception rate nor the internal from calving to first estrus 
or to conception. High-BCS cows had greater conception rate 
and resumed estrous cyclicity and conceived earlier than low-
BCS cows. Cows remaining nonpregnant by weaning had a lower 
VXX2. 
and more rapidly decreasing BCS than cows conceiving before 
weaning. The weekly mean of cumulative progesterone release 
up to the 3rd week of pregnancy was no.t affected by treatment 
but it was greater and increased more rapidly in high- versus 
low-BCS cows. Peak progesterone values were considerably 
higher than the values usually reported for other beef cattle 
breeds. In siammary, the Retinta cows in this study exhibited 
a marked refractoriness to estrous induction/synchronization 
treatment and had a prolonged postpartum anestrus either at 
low or adequate BCS levels. Further, undernutrition prolonged 
the postpartxim interval to estrus and conception. 
LITERATURE REVIEW 
1. The Retinta beef cattle breed 
A. Location and history of the Retinta 
Retinta cattle originated from the continuous selection 
of Bos taurus populations living for centuries in the 
Southwest portion of the Iberian Peninsula spanning the 
Guadiana and Guadalquivir basins (French, 1966). This 
selection resulted in the adaptation of this breed to the 
local environmental conditions, which are characterized by a 
marked seasonality in forage availability. Retinta cattle 
were brought to the American continent by the Spaniards in the 
16th century, and it is thought that those cattle 
significantly contributed to the origins of American Longhom 
cattle (Rouse, 1977) . This can be considered as an indication 
of the adaptability of the Retinta to harsh environmental 
conditions, like those prevalent in the North American 
Southwest, where Longhoms originated. 
The Retinta's current geographic distribution spans the 
southwestern portion of Spain, which includes, from North to 
South, the region of Extreiaadura and the western portion of 
another region named Andalucia. The Retinta breed belongs to 
the Retinta group, whose other representative is a closely 
related breed, named Alentejana, located in the South of 
Portugal. With a population of 134,687 cows (Ministerio de 
Agricultura, 1979), the Retinta is the most important 
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indigenous bovine breed in the Southwest of Spain. A survey 
(Aljama, 1982) on the Retinta population indicated that the 
body weight (BW) of adult cows usually ranges between 550 and 
650 kg, with the heaviest cows reaching up to 800 kg. 
Retinta cattle are usually reared in a special type of 
grassland called "dehesa", which is an ecosystem that evolved 
slowly in response to the human intervention in clearing the 
mediterranean forests and also due to the grazing of livestock 
over the centuries. The vegetation of dehesas consists mainly 
of annual herbaceous species, short bushes and evergreen oaks 
{"encina" and cork oak). Dehesas are also used for rearing 
Merino sheep, goats and the Iberian pig. This latter species 
is reared in dehesas or feedlots and completes the last phase 
of its growth feeding on the dehesa's pasture and acoms, 
which confer highly appreciated sensorial characteristics to 
the pig's cured hams. There are around 7 million hectares 
(=17 million acres) of dehesas and other grazing grasslands in 
the Southwest part of Spain. Within this grassland area, a 
portion of dehesa surface, amounting approximately 1 million 
hectares (=2.5 million acres), belongs to the region of 
Extremadura, where the present study was conducted. 
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B. Retinta ' s production characteristics . reproductiive 
problems and related external factors 
a. Puberty and postpartum period. Puberty is severely 
delayed in Retinta cattle when they are reared without 
supplementation. Retinta heifers had their first fertile 
estrus at a mean age of 2 years 11 months (without feed 
supplementation) or 1 year 11 months (with supplementation) 
(Lopez de Torre & Garcia Barreto, 1980) . 
For Retinta cows free-ranging in the dehesa, the mean 
values for the postpartum period (PPP), defined as the 
interval from parturition to fertile estrus, is 8.6 to 9.3 
months when no feed supplementation is given, 7.0 months when 
a low level of supplementation is provided, and 3.5 to 5.2 
months when a high level of supplementation is supplied 
(Lopez de Torre & Garcia Barreto, 1980; Aljama, 1982; Lopez de 
Torre et al., 1988; Martin Bellido et al., 1983). The 
breeding season for this breed usually extends from December 
to July, but it is not \inusual for bulls to remain with the 
cows throughout the year. As a result, the calving season is 
highly variable and extends throughout a great part of the 
year. However, there are usually periods of higher calving 
frequency that extend from October to February (early calving 
season) and from March to September (late calving season). 
Lopez de Torre et al.(1988) reported that Retinta cows calving 
during the early calving season had a shorter interval to next 
calving than those calving during the late calving season. 
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with meaxi values of 389-446 days for the early calving cows 
and 485-521 days for the late calving cows. The mean values 
for fertility of free-ranging Retinta cows (conception rate 
during the breeding season) are 67 or 76% without feed 
supplementation and 86 or 91% if feed supplementation is 
provided (Aljama, 1973; Lopez de Torre & Garcia Barreto, 
1980) . Because the breeding season ends at the same time of 
the year for the Retinta cows calving in the early calving 
season and for those calving in the late calving season, the 
latter cows have less time available for becoming pregnant 
before bulls are withdrawn at the end of the breeding season. 
Indeed, in a study (Lopez de Torre & Brinks, 1990) conducted 
with free-ranging Retinta cows fed a low level of 
supplementation, the cows that calved in October-December 
(during the early calving season) had a higher pregnancy rate 
during the sxibsequent breeding season (94-97%) than those 
calving in March-April (during the late calving season), which 
only reached a 53-70% pregnancy rate. 
The typically prolonged PPP of Retinta cows likely 
reduces the annual calf crop in dehesa production systems. In 
addition, extension of the mean PPP beyond 3 months results in 
calving intervals exceeding 12 months and hence in reduced 
possibilities of synchronization between the Retinta's calving 
cycles and the seasonal variations in forage availability 
which are characteristic of the dehesa. 
b. Lactation in relation to prolonged postpartum period. 
Retinta calves are kept with, their dams until weaning at 6-3 
months of age. In a study where Retinta cows were given a low 
level of feed supplementation for short periods to avoid drops 
in body condition score, milk production was estimated by 
manual milking after oxytocin injection subsequently to 
overnight separation of the calf. The estimated mean 
cumulative milk production at 205 days postpartxim was 848 to 
1,612 kg, 50% of which was produced within the first 90 days. 
This 205-day cumulative value is equivalent to a mean daily 
production of 6.4 kg (Martin Bellido et al., 1988). With a 
higher level of feed availability, milk production of Retinta 
cows was previously assessed (with the same estimation 
methodology) at 8 or 9 kg a day, which is similar to what is 
considered optimal for extensive beef production systems in 
the Southwest of the USA and superior to the milk production 
of Hereford, Brangus, Charolais and the crossbreeds of 
Charolais and with British beef breeds [Lopez de Torre & 
Garcia Barreto, 1980) . 
Mean BW of male and female calves are 31-38 kg at birth, 
124-174 kg at 4 months, 173-234 kg at 6 months, and 269-304 kg 
at weaning at 8 months of age (SIA, 1986) . Weaning weights 
are higher (230-264 kg) for calves bom in the early calving 
season (October-December) than for calves bom later 
(December-March) (179-234 kg) (SIA, 1986) . 
o 
c. Seasonal food availability in relation bo nrolonaed 
postpartum period. The climate of the Southwest of Spain is 
of semiarid mediterranean type with variable rainfall among 
years and seasons, with a mean annual rainfall of 550 mm and a 
3-month dry season (June-August). The mean annual temperature 
is 16°C and the mean monthly temperatures range from 7.4°C 
(January) to 25°C (August). Freezing is not uncommon in 
January or February, and temperatures over 40°C are sometimes 
reached in July and August. Atmospheric hximidity is moderate 
all year round, with the highest and lowest values in Spring 
and Slammer, respectively, and an annual mean of about 70% 
relative humidity. The mean pasture production of the dehesa 
is 1,200 kg dry matter/hectare/year. Pasture growth starts in 
the Fall, stops in the Winter due to the low temperatures, and 
is maximal in the Spring. Pastures remain green during these 
three seasons and stay diry from the middle of May through the 
Slammer months (Martin Bellido et al., 1988) . 
C. Productive characteristics that mav justify the 
preservation and improvement of the Retinta breed 
a. Rusticity and maternal character. Retintas can 
thrive and reproduce under harsh environmental conditions, as 
this breed was selected to live in the dehesa, where seasonal 
variations lead to prolonged periods of food scarcity. Other 
characteristics derived from the Retinta's rusticity are its 
notorious disease resistance, longevity and low incidence of 
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dystocia compared to British beef breeds and non rustic beef 
breeds in general (Espejo & Lopez de Torre, 1977; SIA, 1986). 
All these qualities allow for the production of calves at a 
reduced cost to the producers. Thus, if the reproductive 
performance of this breed could be improved to a certain 
degree without excessive investment in feed supplementation, 
the Retinta producers might successfully compete in the beef 
industry not by "producing more product" but by "producing a 
cheaper product", as many livestock producers are already 
seeking to do. 
The Retinta breed is considered to have a marked maternal 
character. Due to its protective behavior towards the calf 
and its physiological ability to maintain adequate milk 
production at low feeding levels, Retinta cows are 
advantageously used as the maternal breed in crossbreeding to 
fast-growing breeds like the Charolais (Espejo & Lopez de 
Torre, 1977; Lopez de Torre et al., 1986; SIA, 1986). 
b. Suitable calf growth, carcass and meat quality. 
After weaning, calves continue their growth in the dehesa or 
in feedlots, and usually are slaughtered at 20-23 months of 
age. Mean BW of males of the Retinta breed at 12 months of 
age was 381 kg, with a feed efficiency (defined as ratio of 
feed intake to BW gain) of 5.6 in the feedlot (Lopez de Torre 
& Benito, 1979). The feed efficiency of young males of the 
Retinta breed that had a mean BW of 305 to 586 kg at slaughter 
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was 5.2 and 7.8, respectively (Lopez de Torre et al., 1986). 
Carcasses of young males of the Retinta breed that had a mean 
BW of 503 kg at slaughter weighed 57% of the 3W, were composed 
of 20% fat and 57% muscle, and yielded 35 kg of prime quality 
meat (Lopez de Torre et al., 1986). 
2. The hypo^halamo-pituitary coiq>lex 
Estrous cyclicity is governed by the hypothalamo-
pituitary-ovarian axis, which is influenced by diverse 
endocrine and environmental factors. A good knowledge of the 
functional relationships among the three components of this 
axis is of major importance in understanding the mechanisms 
involved in the postpartum anestrus of the domestic cow, on 
which this literature review is focused. In this Section, I 
intend to provide a basic background on the morphologic and 
functional basis of the neuroendocrine regulation of ovarian 
activity exerted by the hypothalamo-pituitary complex. 
A. Functional anatomy 
Brief morphologic and embryologic information is provided 
here to facilitate the understanding of the physiologic 
processes discussed thereafter and their nomenclature. Unless 
otherwise indicated, all the anatomic aspects described here 
are applicable to the bovine hypothalamo-pituitary complex, of 
which detailed morphological descriptions have been published 
(Gadamsky & Lakomy, 1973; Szteyn et al., 1981). 
a 
Pituitary anatomy and histogenesis have been reviewed 
(Hadley, 1988; Dubois, 1993). The hypophysis cerebri or 
pituitary gland is a neural and glandular endocrine organ 
located on the ventral surface of the diencephalon, beneath 
the hypothalamus, caudally and near the optic chiasm, and is 
housed on the sella turcica., a depression of the sphenoid 
bone. In most mammalian species, including the bovine, the 
pituitary gland is composed of three parts, as follows. The 
anterior lobe (adenohypophysis) and intermediate lobe are 
glandular epithelial tissues, whereas the posterior lobe 
(neurohypophysis) is made up of neurosecretory cell teiminals 
(Purges, 1961; Malven, 1993). The mammalian adenohypophysis 
derives from an evagination of the ectodermal lining of the 
roof of the stomodeum (primitive oral cavity of the embryo). 
This evagination (Rathke's pouch) grows dorsally towards the 
floor of the embryonic diencephalic cavity, where another 
evagination and outgrowth is progressing ventrally, 
originating the infundibulxim of the hypothalamus internally 
and the neurohypophysial bud extezmally. This diencephalic 
bud ends up attaching caudally to Rathke's pouch, which at the 
same time detaches from the oral roof (Dubois & Hemming, 
1991). Meanwhile, the mesodermal layer between the oral roof 
ectoderm and the diencephalic floor becomes the sphenoid bone. 
The anterior layer of Rathke's pouch becomes the 
adenohypophysis, while its posterior layer, in contact with 
the neurohypophysial bud, becomes the intermediate pituitary 
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lobe. The neurohypophysial bud becomes the neurohypophysis. 
The mammalian pituitary gland is pear-shaped and its narrow, 
dorsal portion is denominated infundibular or pituitary stalk, 
which is dorsally united with the infundibulum of the 
hypothalamus. 
The hypothalamus is the basal part of the diencephalon 
lying below the thalamus and forming the walls and floor of 
the third ventricle of the brain. The third ventricle is a 
cerebro-spinal fluid filled, laterally flattened cavity that 
spans most of the middle sagittal plane of the hypothalamus. 
The hypothalamus is classically considered to be delineated by 
perpendicular planes that contact rostrally with the optic 
chiasm and anterior commissure, caudally with the mammillary 
bodies, laterally with the internal capsule, and dorsally with 
the interventricular foramen (of Monro) . At the base of the 
diencephalon, on the central area of the external, lower 
surface of the brain, the hypothalamus forms the median 
eminence between the optic chiasm and the pituitary stalk. In 
some species (e.g., primates, ruminants), the median eminence 
appears as morphologically fused with the anterior, upper part 
of the pituitary stalk. 
The mairanalian hypothalamus contains several nuclei, many 
of them laterally paired, around the third ventricle. Each 
nucleus consists of accumulations of perikarya (cell bodies) 
of neurosecretory cells that have been anatomically delimited 
by their different histochemical staining properties (Everett, 
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1994). Magnocellular nuclei contain large perikarya and 
secrete oxytocin and vasopressin directly into the 
neurohypophysis through axons that constitute the tubero-
pituitary tract. These are the supraoptic and paraventricular 
nuclei, the first located over the optic chiasm and the second 
on the lateral walls of the third ventricle, as their 
respective names imply. The other nuclei are parvocellular 
(i.e., with smaller perikarya) and their axons pass through 
the tiabero-pituitary tract and end in the median eminence. 
Some of the major parvocellular nuclei are, listed in dorso-
ventral order, the dorsomedial, ventromedial and arcuate 
nuclei, which are all adjacent to each other and located at 
the middle sector of the lateral walls of the third ventricle. 
The dorsomedial nuclei are located at the upper part of the 
hypothalamus, caudal to the paraventricular nuclei, and the 
arcuate nucleus is located at the lowest, basal level of the 
hypothalamus. The preoptic nuclei, also parvocellular, are 
located at the foremost rostral portion of the hypothalamus, 
close to the supraoptic nuclei, which usually occupy a more 
caudo-ventral position. The arcuate nucleus, and often the 
ventromedial nuclei, are loosely referred to as the main 
components of the mediobasal hypothalamus (MBH). The preoptic 
area (POA) is also a loosely defined zone that mainly 
comprises the preoptic nuclei. The MBH and POA are 
fundamental for this review since they are involved in the 
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secretion of GnRH (Nishihara en al., 1992) as explained lacer 
in this Section. 
Neurosecretory cells of several hypothalamic nuclei can 
receive neural inputs from other neurons in the brain that 
induce or modulate the release of hojrmones into the 
bloodstream at the neurohypophysis (in the case of 
magnocellular nuclei) or at the median eminence (for 
parvocellular nuclei) into the hypophysial portal system. 
These neural inputs can be elicited by internal and/or 
environmental stimuli (Everett, 1994). 
The hypothalamus and adenohypophysis are anatomically and 
functionally interconnected through the hypothalamic-
hypophysial portal vascular system (reviewed by Green, 1951; 
and Page, 1994). This system consists of a primary capillary 
plexus in the median eminence, a secondary plexus in the 
adenohypophysis, and the adenohypophysial portal vessels, 
which course over the rostral surface of the pituitary stalk 
connecting both capillary networks. The term portal 
("carrier", from Latin) is applied to these vessels 
(anatomically veins) because this connection between capillary 
networks is achieved without passing through the heart. The 
portal system allows for the effective direct delivery of 
minuscule amounts of hypothalamic releasing hormones to the 
adenohypophysis without dilution in the general circulation. 
Blood coming from the internal carotid arteries through the 
superior (dorsal) hypophysial arteries enters the system from 
13 
the primary plexus and exits it through the adenohypophysial 
veins, which then join the neurohypophysial veins that receive 
blood from another capillaiy plexus in the neurohypophysis, 
which, in turn, is supplied by the inferior (ventral) 
hypophysial arteries, that also derive from the internal 
carotid arteries. The capillaries in the plexuses of the 
median eminence, adenohypophysis and neurohypophysis are 
fenestrated and separated from the parenchyma by a double 
basement membrane. Despite this double covering, the 
pituitary gland lacks a blood brain barrier. The inner basal 
lamina surrounds the fenestrated endothelixam of the 
capillaries, and the outer basal lamina is in contact with the 
parenchyma, defining a wide perivascular space between the 
inner and outer laminae. The outer basal lamina extends away 
from the capillaries and forms interconnecting channels, so 
that the perivascular space extends in a network fashion 
through the parenchyma. This specialized perivascular space 
increases the exchange surface between the neural or glandular 
secretory elements and the blood. In addition, the capillary 
endothelial fenestrations likely facilitate the passage of 
hormones with large molecular weights between the perivascular 
space and the capillary lumen. 
Some of the capillaries of the primary (mantel) plexus 
form short and long loops that penetrate deeply into the 
median eminence intermingling between its axon terminals. 
This has been studied with more detail in sheep and several 
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non-ruminant species (Page ec ai., 1978; Ugrumov et al., 
1983). Apart from nerve terminals in the pituitary 
vasculature, there is no evidence of inneirvation in the 
mammalian adenohypophysis (as reviewed by Hadley, 1988) . 
The endocrine cells of the adenohypophysis have been 
classified by using immunocytological techniques into five 
cellular types: lactotropes, somatotropes, corticotropes, 
thyrotropes and gonadotropes. The first two cell types are 
referred to as acidophils, the third one as basophils or 
chromophobes, and the last two are the typical basophils, 
whose basophilia is due to the glycosilation of the proteins 
contained in their secretory granules. The gonadotropes 
secrete the glycoproteins Follicle-Stimulating Hormone (FSH) 
and Luteinizing hormone (LH) , which are gonadotropic hormones 
that functionally connect the adenohypophysis with the ovary, 
whereas certain hypothalamic areas secrete the peptide 
Gonadotropin-Releasing Hormone (GnRH), which signifies the 
hormonal nexus between the hypothalamus and the 
adenohypophysial gonadotropes (reviewed by Combamous, 1993), 
as it will be discussed further in this section. 
B. GnRH pulsatilitv and gonadotropin secretion 
a. Localization of GnRH neurosecretory cells. All GnRH-
producing cells originate in the embryo from the olfactory 
placode (Schwanzel-Fukuda and Pfaff, 1989). Thus, 
neurosecretory cells controlling reproduction have their 
15 
origin exteimal to the central neirvous system. After 
migration, most GnRH cells are located in the ventral portion 
of the diencephalon, mainly within the hypothalamic POA 
(rodents, sheep) or MBH (humans, primates), although these 
cells can be found in both locations in all these species. 
GnRH cell axon terminals originating in both hypothalamic 
areas are mainly found at the median eminence, where release 
of GnRH into the blood stream occurs (reviewed by Caldani et 
al., 1993) . 
In all mammals studied so far, including cattle, several 
distinct subpopulations of GnRH cells can be identified in the 
hypothalamus and other encephalic locations (reviewed by 
Silveinnan et al., 1994), but these cells are not found as 
nuclear clusters but as a diffusely spread network of only a 
few thousand perikarya spanning several encephalic areas and 
nuclei. The degree of caudal migration of GnRH cells during 
development depends on the species, although the proportion of 
these cells found in the more caudal locations (arcuate 
nucleus in the MBH) is always small, except for humans. With 
respect to cattle, neurons expressing mRNA for GnRH were 
labelled at the diagonal band of Broca (rostral hypothalamic 
boundairy) , POA and the anterior hypothalamus of mid-luteal or 
ovariectomized postpubertal heifers (Weesner et al., 1993). 
This was consistent with immxmocytochemical localization 
studies previously conducted with cattle (Dees and McArthur, 
1981; Leshin et al., 1988). However, Dees and McArthur (1981) 
foixnd GnRH la±)elling in the MBH, whereas Leshin et al. (1988) 
did not, and, moreover, Weesner et al. (1993) did not find 
GnRH mRNA labelling in that area. In sheep, 1-2% of the GnRH 
perikarya were located within the MBH (Lehman et al., 1986) . 
In the above cited study conducted by Weesner et al. (1993) 
with postpubertal heifers, the amount of GnRH mRNA labelling 
per perikarya and the nimiber of labelled perikarya were lower 
in the mid-luteal phase of the estrous cycle when compared to 
ovariectomized females. 
b. GnRH structure and function. GnRH is a decapeptide 
hormone whose structure has been fairly preserved through 
vertebrate evolution. Indeed, its sequence is the same for 
all mammals studied to date (Caldani et al., 1993). This 
hormone is synthesized in GnRH cells as a portion of a 92-
amino acid preprohormone, which is cleaved in the same cells 
yielding GnRH and other fragments like the GnRH-Associated 
Peptide (GAP) (Nikolics et al., 1988), whose physiologic 
significance still remains obscure (Caldani et al., 1993). 
Numerous in vivo or in vitro experiments have 
demonstrated that GnRH alone can induce the synthesis and 
secretion of both gonadotropins, LH and FSH. Thus, the 
current name of this releasing hormone is more appropriate 
than its former name of LHRH (LH Releasing Hormone; Rotten, 
1993) . 
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The cranscription of che gene coding for the synthesis of 
the p chain of LH in the gonadotropes is controlled by GnRH 
(Counis et al., 1989). It is currently thought that the fast, 
acute GnRH-induced release of LH is mediated through the 
phosphoinositide pathway, whereas the slower action of GnRH 
involving transcription is cAMP-mediated (Combamous, 1993; 
Counis et al., 1989). In contrast, the intracellular 
mechanisms involved in GnRH-induced FSH secretion have not yet 
been elucidated (Combamous, 1993) . 
In cows, unlike many other mairanalian species, it has been 
demonstrated that LH and FSH are exclusively produced by 
different gonadotrope cells (Bastings et al., 1991). Studies 
in several mammalian species suggest that GnRH regulates the 
release of LH and FSH in a differential manner (Midgley et 
al., 1992; Rotten, 1993). In ovariectomized, hypothalamo-
pituitary disconnected ewes, the amplitude (dosage/pulse) of 
GnRH pulsatile perfusion needed for restoring baseline LH 
release was ten fold higher than that needed for restoring FSH 
baseline release (Mercer et al., 1990). 
c. GnRH oulsatilitv. Gonadotropins are released in a 
pulsatile fashion stimulated by the periodic secretion of GnRH 
into the adenohypophysial portal system from the hypothalamus 
(Clarke & Cummins, 1982) . Each GnRH pulse was found to 
correspond to an LH and an FSH pulse, as determined by 
simultaneous jugular and adenohypophysial portal blood 
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sampling in ovariectomized ewes. However, =80% of the FSK 
pulses were synchronous with =100% of the GnRK pulses, but an 
additional =20% of the FSH pulses were asynchronous (Midgley 
et al., 1992). In ovariectomized ewes, the "endogenous" 
rhythm of GnRH pulsatile release has an inteirval between 
pulses of 120 minutes (Rotten, 1993). GnRH cell activity has 
been monitored in goats by detecting dramatic increases 
(volleys) in multiunit electrical activity in the MBH right 
before each LH pulse (Mori et al., 1991). 
A tonic and a surge pattern of GnRH and LH release have 
been described. In the ewe, GnRH surge release occurs at the 
time of the preovulatory LH surge, which induces ovulation. 
During the rest of the estrous cycle, both GnRH and LH are 
released in a tonic fashion, with a sustained rhythm whose 
frequency varies but only allows follicular growth and not 
ovulation (see Goodman, 1994) . It has been widely accepted 
that the tonic and surge patterns of LH release in mammals are 
governed, respectively, by a "tonic center" located in the MBH 
and a "surge center" located in the POA (Gorski, 1968). Tonic 
GnRH pulsatile release is goveimed by the periodic activation 
of a neuronal system that acts as a "pulse generator" and has 
been located in the MBH of several mammalian species but not 
in sheep or cattle (reviewed by Nishisara, 1992) . In the ewe, 
when tonic GnRH secretion rate is averaged over several hours, 
it does not vary markedly throughout the estrous cycle (Clarke 
et al., 1987). However, when analyzing the tonic pattern of 
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GnRH pulses, their frequency increases and their amplitude 
decreases during the follicular phase, up to the initiation of 
the GnRH sxirge, whereas their frequency decreases and their 
amplitude increases during the luteal phase (Clarke et al., 
1987; Moenter et al., 1991). In addition, LH pulses follow 
these GnRH pulses in a synchronous manner (Moenter et al. , 
1991). 
To determine the specific f\inction of the MBH, 
deafferentiation studies were conducted in several species in 
which the MBH was partially or completely isolated from the 
rest of the brain by microsurgical incisions made with a 
Halasz knife and then the effects of the lesions on the LH 
pulsatile release were studied (Maeda et al., 1992; Rotten, 
1993 ). In prepubertal beef heifers, the frequency and 
amplitude of LH pulses were lower for animals having an 
anterior or complete mediobasal hypothalamic deafferentiation 
versus the control animals and those having a posterior 
hypothalamic deafferentiation performed (Molina et al., 1986). 
This suggests that the GnRH source lies largely outside the 
MBH, as it was suggested by similar experiments in sheep 
(Jackson et al., 1978). 
It has recently been shown by frequent portal sampling in 
ewes that surge GnRH release is not totally pulsatile but 
instead presents randomly spaced nadirs that amply surpass the 
baseline and results in a continuous elevation of GnRH 
(Moenter et al., 1992). Also, GnRH-degrading enzymatic 
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activity has been detected in the median eminence of the ewe 
(Advis et al., 1985) and the rat, with an enzymatic activity 
in the latter that may decrease during estrus (Advis et al., 
1982). Thus, this enzymatic degradation of GnRH at its 
release site could partially explain the continuous, less 
pulsatile elevation of GnRH during its preovulatory surge in 
the ewe (Moenter et al., 1992). 
3. Regulation of the hypothalcuao-pituitary-ovariem. axis 
resulting' in estrous cyclicity 
To study the external and inteimal factors that affect 
the function of the hypothalamo-pituitary-ovarian axis during 
the postpartum period resulting in a delayed resumption of 
estrous cyclicity, it is important to understand the 
neuroendocrine mechanisms regulating the estrous cycle, which 
will be reviewed in this Section. Due to the similarities of 
the endocrine mechanisms involved in the onset of estrous 
cyclicity during both prepubertal and postpartiim periods, the 
endocrine regulation of the attainment of puberty is also 
reviewed in this Section. The prepubertal endocrinology will 
be reviewed before the estrous cycle regulation, because the 
hormonal scenario is simpler in the first case due to the 
relative absence of progesterone. 
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A. Puberty and the negative fp'taH'ha.ck of estrogens 
Puberty in domestic females is usually defined, in its 
narrow sense, as the occurrence of the first behavioral estrus 
followed by the development of a fxinctional corpus luteum. 
The onset of pxiberty in the heifer is a gradual process that 
involves maturation within the hypothalamo-pituitary-ovarian 
axis. The "gonadostat" hypothesis was proposed more than 50 
years ago to explain how the pubertal increase in LH secretion 
might occur in most mammals. This hypothesis claims that 
gonadotropin release is maintained at a low level because of a 
relatively high sensitivity of the hypothalamo-pituitary 
complex to the inhibitory feedback exerted by gonadal 
estrogens even though the latter are released in low amounts. 
According to the gonadostat theory, this sensitivity 
progressively decreases as sexual maturation approaches and 
hence gonadotropin release increases coincidentally. This 
increase in gonadotropin release results in a gradual increase 
of follicular development and estrogen secretion until the 
plasma estrogen concentration surpasses the inhibitory 
threshold and reaches the stimulatory level, thus prompting 
the preovulatory LH surge that triggers the first ovulation 
(reviewed by Kinder et al., 1987). 
Female calves are bom with around 100,000 primary 
follicles and fewer, variable nxambers of tertiary follicles. 
The latter, which possess an antrum and secrete variable 
amounts of estrogens depending on their size, increase in 
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number postna tally until reaching a maximum around 60 days of 
age. In prepubertal bovine females, follicular growth and 
therefore estrogen secretion are markedly lower than in cyclic 
heifers. This reduced ovarian function is accompanied by a 
reduced GnRH and LH pulsatile release (as reviewed by Kinder 
et al., 1987, and Robinson & Shelton, 1991). Hypophysial 
stalk transection resulted in complete cessation of LH release 
in 5-month-old heifers, which indicated that some hypothalamic 
GnRH was already been released before transection (Anderson et 
al., 1981). 
Despite the reduced ovarian and pituitary function 
described above, these two components of the hypothalamo-
pituitary-ovarian axis are able to respond to exogenous 
hormones even during early prepubertal life (Robinson & 
Shelton, 1991). Indeed, fertile ovulations were induced in 1-
month-old prepubertal heifers by injecting exogenous 
gonadotropins, although the ovulatory response was greater in 
5-month-old individuals (Seidel et al., 1971). Increased 
pituitary secretion of LH was observed in prepubertal heifers 
when exogenous GnRH was administered, and the intensity of 
this response increased from 1 to 10 months of age (Schams et 
al., 1981). FSH release was also induced by exogenous GnRH, 
with a more intense response in 10-month-old heifers than in 
4-month-old female calves (McLeod et al., 1984). Thus, the 
ovary and pituitary gland, but not the hypothalamus, seem to 
be relatively mature before puberty. 
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Several studies provided further insighc into che process 
of hypothalamic maturation. For instance, Schillo et al. 
(1981) induced an 0vulat02:y-like surge release of LH in 
prepubertal heifers by injecting exogenous 17-P-estradiol 
{E2) , thus showing a positive feedback of E2 upon the 
hypothalamo-pituitary complex. This suggested that the 
exogenous E2 plus the ovarian estrogens surpassed the 
inhibitory level and exerted a positive feedback which 
elicited a preovulatory-like LH svirge. Likewise, treatment of 
intact or ovariectomized, prepubertal heifers with E2 implant 
dosages yielding higher than prepubertal E2 plasma levels 
resulted in an increased LH secretion and the onset of the 
peripiibertal period (for clarity purposes defined here as the 
last 50 days before puberty) (Dyer et al., 1990). In another 
study (Schillo et al., 1982), in which the animals were 
previously ovariectomized, E2 injections suppressed the 
ovariectomy-induced LH secretion. Thus, exogenous E2 re­
established the negative feedback that ovarian estrogens were 
imposing upon the hypothalamo-pituitary complex in the 
prepiibertal animal before ovariectomy. This negative feedback 
was less intense, i. e., the duration of LH suppression became 
shorter, as the ovariectomized heifers grew up from 4 to 12 
months old, suggesting that the estrogen threshold for 
overcoming the negative feedback becomes lower with age 
(Schillo et al., 1982). 
Using ovariectomized, E2-implanced heifers. Day et al. 
(1984) also demonstrated that the negative feedback of E2 upon 
LH secretion decreased with time during the prepuber-al period 
in heifers. In the intact, control heifers, mean LH increased 
progressively until puberty was reached. In addition, both 
the intact and the ovariectomized, E2-implanted heifers 
simultaneously reached (at the same age and BW) a level of LH 
pulsatile release as high as that of ovariectomized heifers 
(Day et al., 1984). 
In prepubertal heifers, the frequency of LH pulses was 
low (1-4 pulses in 24 hours) and plateaued during the 2-3 
months preceding the peripubertal stage, during which period 
the frequency increases markedly approaching 24 pulses a day 
during the few days preceding puberty (Day et al., 1987). 
However, there is no association between circulating levels of 
FSH and time of puberty in heifers. In postpiibertal cows, 
systemic FSH levels begin to decrease when ovarian follicles 
diverge into dominant (faster growing) and siibordinate 
(slower growing) classes. Presumably, similar changes in FSH 
secretion regulate waves of follicular growth before puberty 
in heifers. Dominant follicles in heifers were larger as 
puberty approached, with the greatest increase occurring 
during the last 30 days before piiberty, corresponding to the 
time when there is a large increase in frequency of LH pulses. 
This late increase in LH pulse frequency seems to further 
stimulate the growth of these late, larger dominant follicles 
(reviewed by Kinder et al., 1995). 
The number of pituitary GnRH receptors does not change 
during sexual maturation of heifers. In contrast, the nxunber 
of hypothalamic estrogen receptors decreases during the 
peripubertal period (Day et al., 1987). The feedback effects 
of estrogens upon the hypothalamus are not thought to be 
exerted directly on the GnRH neurosecretory cells, because 
these cells do not bind radiolabelled E2. In sheep, estrogen 
labelling and estrogen receptors have been found, instead, in 
other hypothalamic cells located in the POA and MBH, from 
where estrogen may indirectly modulate GnRH secretion and 
hence LH release patterns (reviewed by Blache & Martin, 1995) . 
Opioid peptides appear to be involved in this modulation. 
Indeed, opioids interact with E2 to inhibit LH release in 
prepubertal heifers, and the effects decline as heifers 
approach the peripubertal stage, thus paralleling the changes 
in estrogen-induced negative feedback (Wolfe et al., 1991). 
Two consecutive, transient increases in circulating 
progesterone (P4) have been detected in peripubertal heifers 
before the first estrus, but no ovulation papillae or palpable 
corpora lutea were present in the ovaries in association with 
these transient P4 increases. Instead, compact luteal 
structures were fovind embedded in the ovarian stroma 
(Berardinelli et al., 1979). Ovulation can occur in ewes 
before these transient increases in P4. In heifers, however. 
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apparently there is enough EiH secretion during late 
peripuberty to luteinize the dominant follicles without 
ovulation (as reviewed by Kinder et al., 1995) . 
B. Estrous cvcle 
a. Endocrine profiles of the bovine estrous cvcle. The 
following details describing the time course and related 
endocrine profiles of the bovine estrous cycle have been 
published in several reviews (for particular references, see 
Hansel & Convey, 1983; Dobson & Kamonpatana, 1986; 
Knickerbocker et al., 1986; and Robinson & Shelton, 1991). 
The estrous cycle length is approximately 21 days, with a 
range of 17 to 25 days considered normal. The estrous cycle 
in nulliparous heifers is generally about 1 day shorter than 
in cows. Frequently, a short estrous cycle of around 17-18 
days occurs immediately following the postpartum period. The 
bovine estrous cycle has been divided according to behavioral 
and ovarian morphologic changes into four phases: a) estrus 
(day 0, lasting for an average of 17-18 hours) ; b) a 3-4 day 
long metestrus (from day 1 to day 3-4); c) an average 14-15 
day long diestrus (from day 4-5 to 18); d) a 2-day long 
proestrus (from day 19, usually, to onset of behavioral 
estrus). The diestrus is characterized by the presence of the 
corpus luteum (CL). Thus, for didactic reasons, the 
metestrous and diestrous phases are jointly referred to as the 
luteal phase, and the remainder of the cycle is referred to as 
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the follicular phase, even though large, dominant follicles 
(diameter > 10 mm) develop also during the luteal phase (Savio 
et al., 1988). For clarity purposes, the luteal phase will be 
considered to be divided into early luteal, midluteal, and 
late luteal phases, of which the midluteal phase will 
correspond to a period of relative morphological and 
functional maturity of the CL, i. e., usually from about the 
8th day up to the 15th-15th day of the cycle (Jainudeen & 
Hafez, 1987) , after which time the CL begins to regress. 
Likewise, the early follicular phase will be considered 
equivalent to the proestrus, spanning from the end of luteal 
regression to the onset of standing estrus, whereas the late 
follicular phase will be considered as equivalent to the 
period of estrus. 
Plasma progesterone (P4) level decreases as the CL 
regresses during the late diestrus, meanwhile plasma E2 levels 
begin to increase in association with the growth of the 
preovulatory dominant follicle, which is accompanied by a 
cohort of s\ibordinate follicles included in the second or 
third follicular waves which originated during diestrus. In 
the natural estrous cycle, the E2 level does not increase to 
periovulatory levels until P4 level declines to near baseline, 
suggesting a negative feedback effect of P4 upon the 
hypothalamo-pituitary complex that reduces gonadotropin 
release ajid hence prevents higher levels of follicular growth 
and steroidogenesis, as it will be discussed later in more 
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detail. Follicular growth, continues during the proestrous 
period until E2 plasma levels peak and trigger the behavioral 
estrus and the preovulatory surge of LH and FSH. Low basal P4 
concentration must be maintained for E2 to exert this positive 
feedback effect upon the hypothalamo-pituitary complex. The 
LH and FSH surges occur near the onset of estrus through 4 
hours afterwards (Kaneko et al., 1991) and last for 8 to 10 
hours. The LH surge induces a precipitous decline in E2 
plasma levels as the ovulatory follicle is luteinized. 
Ovulation occurs during day 1, approximately 24-3 0 hours after 
the peak of the preovulatory LH surge. Therefore, ovulation 
takes place diiring metestrus in the cow, unlike for other 
domestic species that express a lengthier estrus. 
During most of the metestrus, systemic E2, P4 and LH 
remain near baseline levels, but FSH levels increase again 
shortly after ovulation and peak around day 2-3 at a lower 
concentration than during the preovulatory FSH peak. This 
second elevation of FSH is thought to be allowed by the 
decreased inhibin levels following the ovulation of the 
inhibin-secreting, dominant follicle and it is also thought to 
participate in the recruitment of a new crop of follicles that 
will originate another follicular wave (see Section 3.B.d for 
further details). Shortly before the beginning of the 
diestrus, the CL begins to develop from the ovulated, 
luteinized follicle and starts secreting P4, whose plasma 
levels progressively increase from 1 ng/ml on day 3 to a 
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plateau of 6-10 ng/ml from day 7 through day 18-19 and 
decrease more rapidly thereafter until the beginning of 
proestrus. 
Systemic E2 levels in the cow are low (1-6 pg/ml) during 
the midluteal phase and begin to rise 4-5 days before estrus 
up to maximal concentration (10-15 pg/ml) on day 0. During 
the luteal phase, E2 profiles mirror to some extent the 2 or 3 
waves of follicular growth produced during this phase, 
exhibiting two E2 elevations during the early and late luteal 
phase, respectively. However, these elevations of the E2 
profile during the luteal phase are mainly detected by 
sampling of ovarian venous effluent (Savio et al., 1993; 
Rhodes et al., 1995; see Ireland, 1987). 
The mean LH concentration is low during diestrus and 
roughly similar to that measured during proestrus and 
metestrus, but the LH pulse frequency is lower (6-8 pulses/24 
h) and the LH pulse amplitude greater (1-7 ng/ml) during the 
P4-dominated, midluteal phase. LH pulses of high frequency 
(20-30 pulses/24 h) and low amplitude (.5-2 ng/ml) are 
detected at the end of metestrus (day 3). LH levels reach 15-
65 ng/ml during the preovulatory surge. There have been great 
discrepancy about absolute values for FSH levels, probably 
because of methodological differences, and they range from 10 
to 400 ng/ml during the luteal phase and from 78 to 600 ng/ml 
for the preovulatoiry peak levels. 
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b. Neuroendocrine regulation of the estrous cvcle in 
ruminants. A fast frequency mode of LH pulsatile release is 
critical for stimulating follicular growth and E2 release up 
to levels sufficient for inducing estrus and the preovulatory 
LH surge release. This sxirge, triggered by a positive 
feedback mechanism • exerted by E2 at the hypothalamo-
hypophysial level, prompts the ovulatory process in a fairly 
timed fashion, which allows for the synchronization between 
sexual receptivity and oocyte release, thus enhancing 
fertility at estrus. The neuroendocrine mechanisms underlying 
this synchrony and also those responsible for the cyclic 
nature of the physiological events taking place between 
ovulations are not yet fully \inderstood but will be discussed 
in some depth in the remainder of this section. Understanding 
the regulatory mechanisms acting in this cyclic system is 
important for a better comprehension of the changes that are 
imposed upon it during the postpartum period which tend to 
delay the resxomption of ovarian cyclicity. Indeed, during the 
prepxibertal period, postpartum period, and luteal phase of the 
estrous cycle in cattle and sheep, LH pulse frequency is low 
(1 pulse/6-8 h) because of an increased negative feedback of 
E2 on LH release, suckling-related stimuli, or high levels of 
P4, respectively. Recovery or release from these constraints 
allows the LH pulse frequency to increase (1-2 pulses/h) and 
the mentioned periovulatory events take place (as reviewed by 
Schillo, 1992) . 
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The nexiroendocrine mechanisms governing the patterns of 
gonadotropin release during the estrous cycle of domestic 
ruminants have been investigated more deeply in the ewe, which 
is frequently used as a neuroendocrine model for the cow. 
These regulatory mechanisms of the ewe's estrous cycle have 
been thoroughly reviewed by Goodman (1994) and Blache & Martin 
(1995). A characteristic of the endocrine profile of the 
estrous cycle in ruminants is the inverse relationship that 
exists between the concentrations of P4 and E2 which drive 
gonadotropin secretion. Progesterone priming from the 
previous luteal phase seems to be necessary for E2 to 
subsequently trigger an overt behavioral estrus and a fertile 
ovulation. This "priming and triggering" model appears to be 
valid also for the onset of cyclicity following the 
prepubertal and postpartum periods in ruminants. Not 
surprisingly, there is evidence suggesting that the same 
sequence of P4 priming and E2 triggering is also involved in 
signaling at the endometrial level the onset of luteolysis 
through changes in prostaglandin F2a (PGF2a) release in ewes 
(Ford et al., 1975) and cows (Lamming & Mann, 1995) . 
During the luteal phase of the ewe's estrous cycle 
(reviewed by Blache & Martin, 1995) , GnRH and LH pulse 
frequencies are low, specially when P4 concentrations are 
highest, and FSH and LH secretion are maintained in 
equilibrium by a combined negative feedback effect of P4, E2 
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and inhibin at different levels of the hypothalamo-pituitary 
complex: 
1) At the hypothalamic level, P4 and E2 act 
synergistically over the tonic GnRH release mechanisms to 
maintain a low GnRH pulse frequency (Karsch et al., 1980) . In 
addition, P4 by itself prevents the preovulatory gonadotropin 
surge by blocking the GnRH surge release mechanism, which 
otheri«rise would be induced by the positive feedback that E2 
exerts when P4 levels are low (Kasa-Vubu et al.,1992). P4 
inhibits GnRH pulse frequency in the ewe (Karsch et al., 
1987) , although the precise mechanism of the central effect of 
P4 on tonic GnRH secretion has not been investigated in 
ruminants. Nevertheless, systemic E2 injections induced an 
increase of P4 receptors in the POA and MBH in ovariectomized 
ewes (Bittman & Blaustein, 1990), which could explain the 
above mentioned E2-P4 synergism. 
2) At the pituitary level, E2 and inhibin 
synergistically reduce the secretion of FSH (Martin et al., 
1988). P4 also has a direct inhibitory effect at the 
pituitary level on tonic LH release (but not on pituitary LH 
stores) when ewes are primed with E2 (Girmus & Wise, 1991) . 
Pituitary actions of P4 cannot account for the P4-induced 
inhibition of the LH surge release. Instead, P4 appears to 
block the LH surge by increasing the threshold of exogenous E2 
needed to elicit it (Goodman, 1994). During the breeding 
season, in recently ovariectomized ewes treated for 10-11 days 
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with either E2 or P4 implaxits yielding luteal phase levels of 
E2 or P4, respectively, the E2 treatment decreased the 
.amplitude, but not the frequency, of LH pulses and also 
reduced the LH response to exogenous GnRH in comparison with 
the ovariectomized controls. Conversely, the P4 treatment 
decreased the frequency, but not the amplitude, of the LH 
pulses and did not affect the GnRH-induced LH response when 
compared to the control ewes (Goodman & Karsch, 1980) . 
E2 strongly inhibits tonic LH secretion in seasonally 
anestrous ewes, but it only exerts a weak inhibition during 
the estrous cycle. During the breeding season, E2 limits the 
magnitude of the increment in LH mean concentration during the 
early follicular phase and it also enhances the inhibitory 
actions of P4 during the luteal phase in the ewe (as reviewed 
by Goodman, 1994). Neither of these E2 actions is dose-
dependent and, therefore, the inhibit03:y effect of E2 is 
relatively constant throughout the cycle (excluding the 
gonadotropin surge period), whereas P4 exerts a dose-dependent 
inhibition of tonic LH secretion (Goodman et al, 1980). 
During the early follicular phase of the estrous cycle of 
the ewe (Blache & Martin, 1995), a high frequency of GnRH and 
LH pulses persists despite the rising levels of E2 because, in 
absence of P4, the E2 inhibitory effect is very weak. Indeed, 
E2 has been found to be slightly stimulatory for LH frequency 
during the early follicular phase in the ewe (Karsch et al. , 
1983). LH pulse amplitude, however, decreases during the 
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early follicular phase in the ewe (Karsch et al., 1983) partly 
due to an E2-induced decrease in pituitary responsiveness to 
GnRH (Goodman Sc Karsch, 1980) . In cyclic ewes, after the 
luteal phase, E2 limits the GnRH and LH pulse amplitude during 
the pre-surge period and then induces the GnRH and LH surges 
(Moenter et al., 1990). In contrast, administration of E2 at 
a low dosage (using subcutaneous implants yielding a mean of 
2.3 pg E2/ml plasma) to ovariectomized, multiparous cows 
enhanced the mean LH concentrations and LH pulse amplitude 
(but not the frequency) in all seasons of the year in 
comparison with the ovariectomized controls (Stumpf et al., 
1988) . 
During the late follicular phase, the LH surge is 
triggered. This surge can be explained by the following 
events (Blache & Martin, 1995): 1) LH and FSH had accumulated 
in the adenohypophysis towards the last part of the early 
follicular phase due to the E2-induced decrease of pituitary 
responsiveness to GnRH. 2) This pituitary refractoriness is 
reversed, apparently due to the reported (Clarke et al., 1988) 
increase in GnRH receptor mambers, and the pituitary suddenly 
becomes hypersensitive to GnRH. 3) A surge of GnRH occurs, 
with values that are up to 40-fold higher than the basal tonic 
values. The GnRH surge mechanism has been discussed in 
Section 2. The GnRH and LH surges begin together, but the LH 
level plummets while the GnRH surge is still in progress or 
even in its rising phase. This abrupt ending of the LH surge 
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can be explained (Moenter et al., 1992) by a decreased 
pituitary responsiveness to GnRH due to the prolonged exposure 
of the gonadotropes to this latter hormone when released in 
surge mode (i. e., without baseline nadirs), since it was 
shown (Nett et al., 1981) that non-pulsatile GnRH infusion 
downregulates pituitary GnRH receptors and induces GnRH 
refractoriness in the ewe's pituitary. 
As previously discussed in this Section, both P4 and E2 
are sequentially involved in the expression of sexual 
behavior. The time of P4 withdrawal primarily determines the 
time of onset (24-30 hours later) of both behavioral estirus 
and the LH surge in P4-primed, E2-implanted, ovariectomized 
ewes (Fabre-Nys & Martin, 1991) . However, increasing the dose 
of E2 implanted, decreased the latency time to onset of 
estrus, although the duration of sexual receptivity was 
determined in a dose-independent manner by the duration of 
high E2 levels (Fabre-Nys et al., 1993). Thus, E2 acts as a 
trigger in terms of timing and modulates the effects of the 
previous P4 priming and withdrawal. The endocrinology of 
bovine sexual behavior has not been studied as thoroughly as 
in the ewe, but it was shown that P4 also restores the ability 
of E2 to induce estrus in the cow (Carrick & Shelton, 1969). 
Since GnRH-secreting cells do not concentrate E2 or P4, 
the study of the steroid regulation of GnRH release is being 
addressed by localizing hypothalamic steroid-binding cells in 
different reproductive stages and studying their connections 
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with GnRH cells. The immunohistochemical techniques for 
localization of P4 receptors in the sheep's brain have been 
unsuccessful so far. In contrast, estrogen receptors have 
been successfully localized by immunohistochemistry in the 
ewe's MBH and medial POA in high numbers, and more sparsely in 
several limbic, extrahypothalamic structures (see Blache & 
Martin, 1995) . These estrogen receptor locations and the 
possible roles of steroid-sensitive hypothalamic cells on the 
control of GnRH release in sheep have been recently reviewed 
(Herbison, 1995) and are discussed here: 
1) Dopaminergic neurons at the arcuate nucleus in the MBH 
express estrogen receptors in intact, seasonally anestrous 
ewes but not in ovariectomized ewes. In this species, the 
highest density of estrogen-receptor-immunoreactive cells is 
found in the arcuate nucleus. It is thought that these 
dopamine-secreting cells can inhibit GnRH release 
presynaptically at the level of the median eminence (which 
contains GnRH cell axons) when the dopaminergic cells are 
activated by E2, and it is also suggested that this activation 
only occurs during the non-breeding season (see also Goodman, 
1994). If these cellular interactions described in Herbison's 
review were also prevalent in the bovine brain, one might 
speculate that a similar dopamine-mediated, E2-induced 
negative feedback effect could operate during the prepxibertal 
and postpartum periods in female cattle. 
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2) Concurrently, around 3 0% of the GA3A-ergic neurons of 
the POA express estrogen receptors and seem to mediate the 
negative feedback of E2 upon the neighboring GnRH cells of the 
POA in ewes during the non-breeding season. 
3) Certain GABA-ergic neurons in the POA are also thought 
to mediate negative feedback effects upon GnRH secretion 
during the breeding season, fxindamentally the inhibitory 
effect of P4 during the luteal phase. Experiments involving 
GABA infusion at the POA during the breeding season showed 
that this inhibitory neurotransmitter is essential to maintain 
the GnRH release in a tonic, pulsatile mode. Indeed, the 
extracellular GABA concentrations in the vicinity of the GnRH 
perikarya only decline before an E2-induced LH surge. 
4) During the early follicular phase in the breeding 
season, the opioid peptide P-endorphin appears to hold the 
GnRH cells in check to prevent a premature GnRH surge release. 
In fact, the presence of estrogen receptors in the P-endorphin 
neurons of the arcuate nucleus coincides with the rising 
levels of systemic E2 during proestr-us and with the increasing 
concentrations of P-endorphin at the median eminence, where 
the levels of this opioid fall at the time of the LH surge. 
However, the opioid antagonist naloxone has been shown to 
stimulate LH secretion in ewes usually when systemic P4 levels 
are high, but rarely in other circumstances (see Goodman, 
1994) . 
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5) Minuscule E2 implants placed at the ventromedial 
nucleus of the MBH induced sexual behavior and increases in LH 
release during the breeding season in ovariectomized ewes 
primed with an artificial luteal phase (see also Blache & 
Martin, 1995). Approximately 70% of the cells expressing 
estrogen receptors in this nucleus secrete somatostatin, whose 
involvement in the positive feedback effect of E2 and/or the 
induction of sexual behavior is yet to be ascertained. 
c. The follicular phase and the positive of 
estrogens in the cow. In the cow, like in the ewe, E2 exerts 
a positive feedback upon the hypothalamo-hypophysial complex 
during the late follicular phase that induces the preovulatory 
gonadotropin surge. This positive feedback was demonstrated 
in a study (Kesner et al., 1982) in which heifers were 
ovariectomized on day 11-15 of the estrous cycle and 
subsequently treated for 24 hours with P4 and E2 to maintain 
luteal-phase systemic steroid levels. Afterwards, a second E2 
treatment was administered in increasing doses simulating the 
proestrus period, resulting in the induction of a 
preovulatory-like surge release of LH and FSH. However, if 
the P4 treatment was extended throughout the second E2 
treatment period, the E2-induced gonadotropin surge was 
abolished. 
The positive feedback of E2 during the LH surge is well 
documented in the cow. However, a negative feedback of E2 
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during the pre-surge period may be absent in cyclic, adult 
cows, or at least it has not been shown as clearly as in the 
cyclic ewe. Indeed, as previously stated (Section 3.B.b), 
exogenous E2 stimulated LH levels and pulse amplitude in 
ovariectomized, adult cows in any season of the year (Stumpf 
et al., 1988). Similarly, in E2-implanted, ovariectomized, 
adult nulliparous cows, increasing the systemic levels of E2 
induced proportional increases in LH pulse amplitude, did not 
affect the LH pulse frequency, and resulted in a linearly 
increased mean concentration of LH (Kinder et al., 1991) . 
Furthermore, when cows were treated with E2 implants starting 
at the time of ovariectomy on day 16 of the estrous cycle, the 
resulting high, rising E2 levels (reaching a mean of =7 pg/ml 
plasma) enhanced the LH pulse amplitude and then induced a 
surge release of LH. In that experiment (Stinnpf et al., 
1989), the LH amplitude was comparatively lower in low-E2-
treated cows and control, non-implanted cows, and in both 
groups the LH surge failed to occur. 
Comparing among the different periods of the bovine 
estrous cycle, the LH secretion is characterized by high 
frequency, low amplitude pulses during proestrus and metestrus 
and by low frequency, high amplitude pulses during diestrus 
(Rahe et al., 1980; Walters et al., 1984. See also 
Knickerbocker et al., 1986). 
The possible causes and effects of the preovulatory surge 
on the hormonal stores and receptor populations of the 
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hypothalamo-pituitary complex have also been studied in 
cattle, although with less detail than in sheep. An E2 
injection (1 mg IM) in ovariectomized cows increased the 
concentration of pituitary GnRH receptors 12 hours post-
injection and 4 hours before the.onset of the E2-induced LH 
surge. Continued P4 treatment (starting 7 days before the E2 
injection) did not affect the GnRH receptor increase but 
blocked the LH surge (Schoenemann et al., 1985a). In anterior 
pituitary tissue of cyclic heifers, LH content and GnRH 
receptor numbers increased between the early luteal (day 7) to 
the mid-luteal (day 14) phases of the estrous cycle 
(Schoenemann et al., 1985b). Later on, Nett et al. (1987a) 
found that in cyclic beef heifers the number of pituitary 
estrogen receptors increased on day 18 of the estrous cycle 
and returned to baseline by day 19 (presumed day of estrus), 
at which time the number of pituitary GnRH receptors 
decreased, the pituitary LH content dropped - presiamably 
coinciding with an LH surge release -, and the GnRH content of 
the POA tended to decrease. The pituitary LH stores were 
replenished the next day, but the number of pituitary GnRH 
receptors remained low through day 21. Neither the pituitary 
FSH content nor the GnRH content of the MBH changed 
significantly along the sampling days (6, 12, 18, 19, 20 or 21 
post-estrus), which were estimated to correspond to =20-day 
long cycles. Despite missing behavioral and systemic hormonal 
data, the results from this latter study suggest that the 
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hypophysial changes occurring during the periovulatory period 
in the cow are relatively similar to those observed in the 
ewe, although the pre-surge increase in pituitary GnRH 
receptors could not be detected in these heifers. A prolonged 
reduction in GnRH receptor density was, however, detected 
which may cause a decrease of GnRH-induced LH release during 
the early diestrus even though the pituitary LH stores were 
replenished shortly after the LH surge. 
The reported fast recovery of pituitary LH stores after 
the LH surge in the cow may seem at first sight to diverge 
from recent studies (Di Gregorio et al., 1991) of pituitary 
gonadotropin depletion in sheep. After pituitary LH and FSH 
depletion by prolonged E2 treatment (16 days) in 
ovariectomized, mature ewes dxiring the breeding season, the 
pituitary content in LH P-sub\init mRNA decreased more than 
that of FSH P-sxibvm.it mRNA. In addition, it took longer for 
the pituitary contents of LH |3-subunit mRNA (8 days) and LH 
(32 days) to return to control levels than for the respective 
FSH-related parameters (2 days for the mRNA and 8 days for 
hormone). This appears to occur because pituitary stores are 
greater for LH than for FSH but a larger proportion of stored 
LH must be secreted to maintain its corresponding systemic 
levels due its shorter half-life. (Di Gregorio et al., 1991). 
As it was discussed before, P4 reduces the release of LH but 
not its pituitary stores (i. e., its synthesis). But P4 
replacement treatment was not given after pituitary depletion 
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in these ewes, whereas chose heifers from Nett's study (1987a) 
underwent a luteal phase after a shorter period of pituitary 
LH depletion. Therefore, the results from both studies are 
compatible despite being carried out in different species. 
d. The luteal phase and the negative feeHViar'V r>-F 
estrogens and progesterone in the cow. As stated before, the 
LH secretion during diestrus is characterized by low 
frequency, high amplitude pulses, as opposed to that of 
metestrus and proestirus. The inhibitory effects of E2 and P4 
on LH pulsatility dxjxing the bovine luteal phase are 
relatively similar to those previously discussed for the ewe. 
The amount of hypothalamic GnRH mRNA and the systemic 
mean LH concentrations in postpubertal heifers were lower in 
cyclic, mid-luteal heifers when compared with ovariectomized 
heifers (Weesner et al., 1993), suggesting a negative feedback 
effect of luteal P4 upon the hypothalamo-hypophysial axis. 
With postpubertal heifers that were recently 
ovariectomized at diestrus, Price and Webb (1988) showed that 
luteal-phase-like dosages of either E2, P4, or E2+P4 all 
reduced the mean systemic LH levels. Also, the E2 treatment 
decreased the LH pulse amplitude, whereas the P4 treatment 
decreased the frequency, and the combined steroid treatment 
made both the amplitude and frequency of LH pulses decrease. 
These decreases in LH mean concentration, LH pulse amplitude 
43 
or frequency were more marked when both steroids were 
administered together than when they were given alone. 
Likewise, in adult beef cows recently ovariectomized 
during diestrus (day 8) and treated with luteal-phase 
concentrations of E2 and/or P4, the LH mean concentration and 
pulse frequency were higher for those cows treated with E2 
alone than for those treated with P4 alone, and these LH 
parameters were still lower for the cows treated with both 
steroids together (Stumpf et al., 1993). The LH pulse 
amplitude did not differ among these treatments, except when 
LH secretion was induced with exogenous GnRH, in which case 
the amplitude was higher for the E2-treated cows. In 
contrast, the increase in mean LH concentration induced by 
naloxone (an opioid antagonist) was higher for the cows 
receiving P4 than for those treated with E2 or P4+E2, although 
these latter groups still reached higher absolute values of 
mean LH concentration (Stximpf et al., 1993). The apparently 
low level of endogenous opiate inhibition of LH release 
suggested by the response to naloxone in the cows treated with 
P4+E2 (which mimics diestrus) could explain the low 
responsiveness to naloxone reported (Mahmoud et al., 1989) for 
adult, cycling cows. 
Usually two to three follicular waves take place during 
the bovine diestrus, with a dominant follicle being produced 
in each wave, the last of which includes the preovulatory 
follicle which completes its development during the subsequent 
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follicular phase (Savio ec al., 1988). In the bovine, rhe 
number of dominant follicles formed in the CL-bearing ovary is 
greater than in the contralateral ovary, and the growth rate 
of the dominant follicle is slowest during the mid-luteal 
phase (Savio et al., 1988). In contrast to dominant 
preovulat02:Y follicles which mostly develop during the 
follicular phase under conditions of decreasing FSH and 
increasing LH release, the dominant follicles that grow within 
diestrus are subjected to relatively high FSH levels and low 
frecpiency pulses of LH. Under these circiomstances, the 
lifespan of these luteal phase follicles is probably shortened 
by the low LH availability and the decrease in FSH release 
caused by the E2 and the inhibin that they are themselves 
secreting (as reviewed by Campbell et al., 1995). Indeed, the 
lifespan of luteal phase follicles can be prolonged if an 
increased LH pulse frequency is induced during this phase. 
Thus, increased LH support appears to maintain a dominant 
follicle, whereas high P4 concentrations make LH pulse 
frequency decrease leading to turnover of the dominant 
follicle in cattle (Savio et al., 1993). 
The hormonal patterns of the early diestrus (up to aroxind 
day 8) have been characterized in the bovine by simultaneous 
transrectal ultrasonography and sampling of ovarian venous 
effluent during the development of the first ovarian 
follicular wave (Rhodes et al., 1995). This methodology 
allowed for the detection of pulsatile patterns of ovarian 
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steroid hoinnone release. A high frequency of LH pulses was 
associated with the growth phase of the dominant follicle and 
with an increased mean E2 concentration and pulse amplitude of 
E2 release. The mean E2 concentrations then decreased as the 
dominant follicle reached its maximum size (plateau phase) , 
coinciding with increasing P4 levels and a decreasing mean 
concentration and pulse frequency of LH. A decrease in 
follicular LH receptor nxambers has been reported (Rollosson et 
al., 1994) for the transition between the growth and the 
plateau phases of dominant follicles. Rhodes et al. (1995) 
also found that the mean FSH concentrations increased during 
the plateau phase approximately 2 days before the emergence of 
the second dominant follicle, whose follicular wave might have 
been recruited by this FSH rise. In this study, peak 
increases in mean concentration of E2 in caudal vena cava 
closely followed (within 15-30 minutes) the LH pulses. 
However, there was no evidence of temporal association of LH 
pulses with P4 or FSH release patterns (Rhodes et al., 1995). 
Nonetheless, regardless the lack of temporal association 
between LH pulses and the fluctuations in luteal P4 release, 
normal CL function in bovine requires stimulation by LH pulses 
from day 2 to 12 of the estrous cycle, although it is not 
needed from day 12 to 17 (Peters et al., 1993). 
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4. Physiology of the bovine postpaxtum period 
A. Hvpothalaino-pituitarv-ovarian fianction during the 
postpartiim period 
a. Prepartum influences. The elevated systemic levels 
of sex steroids during pregnancy in the cow are thought to 
inhibit the hypothalamo-pituitary complex so as to cause a 
long-lasting reduction in LH secretion during the subsequent 
postpartum period, which contributes to the delay in the onset 
of estrous cyclicity after calving (as reviewed by Nett, 
1987b). 
During pregnancy in the cow (reviewed by Knickerbocker et 
al., 1986), P4 concentrations fluctuate between 5 and 15 
ng/ml, whereas placental estrogen production increases 
throughout this period in conjunction with the growth and 
development of the fetoplacental unit. Significant amounts of 
estrogens are sulfo-conjugated at the placentomes, so that the 
levels of conjugated estrogens (predominantly estrone sulfate) 
in the maternal circulation are 10- to 100-fold higher than 
the free estrogen levels. It is postulated that this estrogen 
conjugation prevents excessive estrogenic activity on 
peripheral mateimal tissues. Plasma levels of estrone and 
estrone sulfate in maternal circulation follow a baseline 
profile (30-60 pg estrone sulfate/ml) up to approximately day 
60 of pregnancy. Then the estrogen levels increase 
continuously, approaching 3000 pg estrone sulfate/ml by day 
150 and higher, variable concentrations at term, with a 
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pronounced rise between day 240 and the day of parturition. 
The changes in the systemic levels of the sulfo-conjugated 
forms of both 17-a-estradiol and E2 mirror the estrone sulfate 
profile but at lower concentrations. Concentrations of 
conjugated an lonconjugated estrogens are depleted in maternal 
circulation immediately following calving and placental 
expulsion (Knickerbocker et al., 1986). The systemic 
concentrations of unconjugated 17-a-estradiol and E2 increase 
from <40 to =100-200 pg/ml throughout pregnancy in the cow, 
reaching =900 pg/ml at term (Robertson & King, 1979) . 
It has long been known that the pituitary stores of LH 
are depleted by as much as 90% during pregnancy in the cow 
(Nalbandov and Casida, 1940) and in the ewe (Jenkin et al., 
1977) . A decline in follicular size during the course of 
pregnancy in the cow was also reported (Nalbandov and Casida, 
1940) . In suckling beef cows, the pituitai^ stores 
increased from vei:y low levels at calving to levels 
characteristic of the luteal phase by postpartum day (PPD) 3 0 
(Moss et al., 1985) or by PPD 40-50 (McNeilly, 1994; review). 
The depletion and replenishment of pituitai^r gonadotropin 
stores during the bovine estrous cycle (Nett et al., 1987a) or 
after prolonged E2 administration in ovariectomized ewes (Di 
Gregorio et al., 1991) have been discussed in Section 3.B.C. 
If pregnancy in ruminants is viewed as a prolonged luteal 
phase with high and increasing estrogen levels, some analogy 
can be found between these two physiological conditions 
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regarding steroid regulation of hypothalamo-pituitary 
function. As it was reviewed in Section 3, the combined 
action of E2 and P4 during the luteal phase reduces the 
release of GnRH and LH. It was also discussed therein how P4, 
but not E2, acts directly upon the pituitary LH-secreting 
cells decreasing the release of LH without affecting its 
synthesis, thus contributing to the replenishment of LH 
pituitary stores. Some degree of LH release has to be allowed 
to enable the growth of dominant follicles developing within 
the diestrual follicular waves of ruminants. However, for the 
replenishment of pituitary LH stores to occur, the 
gonadotropes must be sufficiently responsive to GnRH, and the 
rate of release of hypothalamic GnRH must be fast enough to 
induce pituitary LH synthesis at a faster rate than that of 
pituitary LH release, which could be the case during diestms. 
It seems likely that the LH synthesis:release ratio is 
affected by differences in the rate and/or pattern of GnRH 
release in various reproductive stages, since LH synthesis and 
release appear to be mediated through different intracellular 
pathways, as discussed in Section 2.B.b. In the cow, the 
situation might be different during pregnancy than during 
diestrus. Although the systemic P4 levels during gestation 
are close to those of the luteal phase in the cow, the 
markedly high levels of free estrogens characteristic of the 
late bovine pregnancy might result in a greater inhibition of 
GnRH release than that occurring during diestrus. It is 
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conceivable that low levels of GnRH release stimulatie 
pituitary LH secretion so weakly during pregnancy that the 
rate of GnRH-induced LH synthesis tend to be surpassed by the 
rate of GnRH-induced LH release, even though the latter is 
limited by the high P4 levels. Thus, such imbalance between 
LH synthesis and release might be responsible for the eventual 
depletion of pituitary LH stores during late pregnancy in the 
cow. 
The postpartum release of FSH contrasts with that of LH. 
Although the systemic FSH levels remain low for a short period 
after calving, they are not suppressed during the postpartum 
period in the cow (Schallenberger, 1985b). Also, the pattern 
of FSH release during pregnancy in the cow is similar to that 
observed during diestrus (Schallenberger, 1985a). The 
persistence of FSH release after calving may be due to a 
depressed follicular development during late pregnancy that 
prevented a negative feedback from follicular inhibin and 
hence allowed the maintenance of FSH secretion until term (as 
reviewed by Nett, 1987b) . Anyway, the pulsatile delivery of 
GnRH needed for inducing baseline gonadotropin release is much 
less for FSH than for LH (Mercer et al., 1990; in the ewe), as 
mentioned in Section 2.B.b. Thus, a decreased GnRH release 
could also explain the different regulation of LH and FSH 
secretion during pregnancy and early postpartum. In addition, 
as discussed in Section 3.B.C, the replenishment of pituitary 
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stores of FSH is much faster chart those of LH (Di Gregorio et 
al., 1991) in the ewe. 
A differential effect of pregnancy on the pituitary 
stores of FSH versus LH in cows was confirmed by Rahe et al. 
(1988) . These authors showed that the pituitary FSH content 
in beef cows was greater during early postpartum (PPD 2) and 
late pregnancy (day 200) than at mid-pregnancy (day 120) , and 
it was even lower at metestrus (on day 3 of the estrous 
cycle) . In contrast, the pituitai^ LH content decreased from 
middle to late pregnancy and from late pregnancy to term (day 
270) and PPD 2, and these 3 lower levels were comparable to 
that of metestrus. The adenohypophysial GnRH receptor 
concentration was greatest at mid-pregnancy, coinciding with 
the greatest pituitary LH content. In systemic blood, the 
basal LH level and LH pulse frequency were higher at 
metestrus. However, the metestrous LH pulse amplitude was 
comparable to the LH pulse amplitude measured on the other 
periods studied, i.e., during mid- and late pregnancy, at 
term, and on PPD 2, although the amplitude decreased after 
mid-pregnancy. The LH pulse frequency (pulses/8 hours) was 
=8.0 at metestrus versus ==.5 on PPD 2. Thus, except for the 
pituitary FSH content, all the other parameters examined were 
low at early postpartum (Rahe et al., 1988). 
Therefore, at the beginning of the postpartum period of 
the cow, the pituitary gland is as depleted of GnRH receptors 
and LH as during metestrus, but it releases LH at a much lower 
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rate during early postpartum, because estrogen and P4 exerted 
a prolonged inhibitory feedback upon the hypothalamo-pituitary 
complex during the preceding pregnancy, whereas systemic 
levels of E2 an P4 are very low during metestrus. 
Consequently, the pituitairy gland must undergo a gradual 
process of slow replenishment of its LH content until it is 
able to generate a surge release of LH robust enough to induce 
the formation of P4-releasing ovarian structures. These 
ovarian structiires are usually short-lived and, regardless of 
whether they arise from a previous ovulation or not, it is 
thought that they transiently release P4 which contributes to 
the resximption of ovarian and estrous cyclicity, as will be 
discussed further in this Section. This contrasts with the 
situation in the cyclic animal, in which the diestrual CL 
favors the fast replenishment of LH pituitary stores after 
metestrus. In addition, other influences, like suckling and 
possibly a lactationally-induced low energy balance, result in 
inhibitory effects on LH secretion which tend to further delay 
the onset of estrous cyclicity, as will be discussed below. 
b. Postpartum endocrine profiles and pituitary function. 
Postpartum endocrine profiles in the bovine have been reviewed 
by Lamming et al. (1981) and Dobson & Kamonpatana (1986). 
Very low, baseline systemic levels of E2 and P4 are detected 
during the first 4-5 days post-partum. In dairy cows there is 
a gradual increase in tonic LH release from almost 
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undetectable levels at calving to =1 ng/ml aroxind PPD IC, and 
in addition, the pituitary responsiveness to exogenous GnRH 
increases during this period. The appearance of LH episodes 
is further delayed in dairy cows that are suckled. 
Preovulatory LH surges can occur from PPD =10 onwards in dairy 
cows. Plasma concentrations of E2 in dairy cows are also low 
during early postpartum, starting at =1-3 pg/ml and then 
increasing to =6-10 pg/ml by PPD 10-15. This increase in E2 
coincides with an early follicular growth detectable by 
transrectal palpation. Dairy cows usually do not show estrus 
at this early stage, although similar E2 concentrations are 
detected later in association with estrous cycles and 
accompanied by estrous behavior. 
The amount of LH released in response to exogenous GnRH 
decreases as pregnancy progresses and remains low during the 
early postpartum period in cattle (Carter et al., 1980). 
There is an increased responsiveness to exogenous GnRH in 
milked dairy cows by PPD 10, whereas suckled beef cows require 
20-3 0 days to achieve a full pituitary response (as reviewed 
by Lamming et al., 1981). 
Although there were some discrepancies in the past, it is 
clear now, after several ultrasonographic studies of 
postpartxam follicular development, that dominant follicles 
grow and regress throughout lactational anestrus either in 
suckled beef cows or in milked or suckled dairy cows. Thus, 
any delay in the occurrence of the first ovulation is related 
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to a failure in the generation of an adequate preovulatory LK 
surge (McNeilly, 1994). 
During the postpartum period in suckled beef cows, the 
resumption of LH pulsatility levels characteristic of 
cyclicity is eventually attained without changes in the 
affinity or number of pituitary GnRH receptors (Moss et al., 
1985; Leving et al., 1986). Thus, it is suggested (McNeilly, 
1994) that the low level of LH pulsatile release typical of 
the early postpartum in suckled cows is due to a reduction in 
the release of hypothalamic GnRH, although this release has 
not yet been measured in vivo in the bovine species. 
Nett et al. (1988) measured the changes in hypothalamic 
GnRH content, as well as pituitary contents of gonadotropins 
and receptors for E2 and GnRH in beef cows during the 
postpartum period from PPD 1 to PPD 45. They confirmed 
previous reports on the changes of FSH and LH pituitary 
stores, with increasing LH content from PPD 1 to PPD 3 0 but no 
change in FSH content. In addition, circulating FSH levels 
were similar for all sampling days. Systemic LH concentration 
was nondetectable for most samples on PPD 1 and PPD 15. The 
LH pulse frequency increased from 0-1 pulse/8 hours on PPD 1 
to 1-3 pulses/8 hours on PPD 3 0 through PPD 45. The receptor 
numbers for GnRH and E2 in the pituitary gland remained 
unchanged, except for a transient elevation on PPD 15 for both 
receptors whose physiological significance is not yet clear. 
However, the GnRH content of the POA and MBH remained 
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unchanged throughout the sampling period- In addition, these 
contents were 2- to 3-fold greater than those previously 
measured in cyclic cows (Nett et al., 1987a). These data 
suggest, again, that there is sufficient GnRH being 
synthesized but its release is being suppressed. Whether or 
not this suppression is induced by suckling remains to be 
determined. Other authors (Carruthers et al., 1980) found no 
differences in hypothalamic content of GnRH between suckled 
and nonsuckled daiiry cows on PPD 14. However, the 
hypothalamic content of GnRH was later determined in 
ovariectomized lactating dairy cows (Zalesky et al., 1990), 
and this GnRH content was shown to be greater in intensively 
suckled (3 calves) versus nonsuckled animals, whereas the 
systemic LH concentration was lower in the suckled cows. 
Unfortunately, this LH concentration was based in single 
rather than sequential samples. Nevertheless, similar 
differences in systemic mean LH concentration (as determined 
by frequent, sequential blood sampling) were previously 
obtained in ovariectomized cows when comparing nonsuckled and 
once-a-day suckled animals (Garcia-Winder et al., 1984). The 
combined outcome of these two studies gives circumstantial 
evidence suggesting that the post-ovariectomy increase in GnRH 
release was inhibited at the hypothalamic level by the 
experimental suckling conditions. 
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c. Postoartiim follicular dynamics and luteal function. 
Savio et al. (1990a, 1990b) have characterized the 
pattern of resumption of follicular activity during the early 
postpartxim period of dairy cows in reasonable body condition 
by means of transrectal ultrasonography. These authors 
observed growth and regression of small (<4 mm) and medium-
sized follicles from the first scannings (PPD 5) xintil the 
first dominant follicle (single large follicle; >10 mm) was 
detected around PPD 11, usually 3-5 days before the first 
ovulation postpartiim. This first dominant follicle observed 
ovulated in most (14/19) of the cows, although 94% of these 
ovulations occurred without signs of estrus being detected 
(silent ovulation, "silent heat"). The subsequent ovarian 
cycle tended to be short only for the late (PPD >20) ovulating 
cows. The ensuing, second ovulation was accompanied by 
estrous behavior and then followed by normal estrous cyclicity 
(Savio et al., 1990b). Dairy cows may exhibit their first 
estrus as early as =20 days postpartum, in association with 
the first ovulation. However, =77% of dairy cows do not show 
estrus until the second or third ovulation postpartum. The 
first postpartum estrus in suckled beef cows usually occurs 
52-80 days after calving (see Dobs on & Kamonpatana, 1986) . 
It is hypothesized (Roche et al., 1992) that the main 
events determining when ovulation occurs are the presence of a 
dominant follicle and its exposure to a high LH pulse 
frequency (1 pulse/40-60 minutes) to stimulate maximal E2 
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secretion to induce a surge release of LH. Otherwise the 
dominant follicle eventually undergoes atresia after reaching 
its final stages of terminal differentiation. Thus, FSH is 
mainly responsible for follicular recruitment and selection of 
the dominant follicle, whereas frequent LH pulses prompt its 
final maturation and ovulation. Therefore, internal or 
external factors that tend to restrict the frequency of LH 
pulses during the postpartum period also delay the first 
ovulation (Roche et al., 1992). 
In a study (Murphy et al., 1990) using suckled beef cows 
(Limousin x Friesian) in reasonable body condition, the 
majority of individuals developed the first dominant follicle 
around PPD 10, thus resembling the follicular dynamics of 
dairy cows. However, in most of the cows (16/18) the first 
dominant follicle did not ovulate. Instead, an average of 3 
successive follicular waves (range 1-6) was detected from the 
beginning of the observations (PPD 5) until the dominant 
follicle from the last wave ovulated on PPD 36 (PPD range 20-
61) . For most of the cows (89%), this first ovulation was not 
accompanied by estrous behavior. In 78% of the animals, the 
first ovulation was followed by a short ovarian cycle (8-15 
days), which encompassed a single follicular wave with a 
dominant follicle that subsequently ovulated following estrus. 
During this first, short ovarian cycle, sustained elevations 
of P4 plasma levels and a short-lived CL were detected. Once 
the cows showed their first estrus (PPD 54; PPD range 19-92), 
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the subsequent estrous cycle was of normal length and included 
1, 2, or 3 follicular waves during diestrus, with estrus and 
ovulation succeeding the last wave (Murphy et al., 1990). 
In a similar study (Perry et al., 1991a), 13 of 28 
suckled beef cows (Hereford x Angus) that were fed high or low 
energy diets had their first postpartiim ovulation by PPD 110 
and were fxirther monitored by ultrasonography. Only 3 of 
these 13 cows showed estrus or slight estrous signs in 
association with the first ovulation, which occurred on PPD 82 
on average (PPD range 52-110). Regardless of previous estrous 
behavior, all 13 cows had a short luteal phase between the 
first and the second ovulation, with an average interovulatory 
interval of 8.2 days. The second ovulation was associated 
with estrus in all the cows. An estrous cycle with its 
corresponding luteal phase followed this second ovulation. 
The dominant follicle resulting in the first ovulation grew 
more slowly but reached the same maximal diameter than the 
dominant follicle that resulted in the 2nd ovulation. 
Systemic P4 levels remained low (<.2 ng/ml) before the first 
ovulation. However, during the first ovarian cycle, which 
followed the first ovulation, these authors detected a short­
lived CL and a transient elevation of systemic P4 above 
baseline that lasted for approximately 4 days and peaked at .7 
ng/ml (range .3-1.2 ng/ml) 4 days after the first ovulation 
(i.e., 5 days before estrus and second ovulation). Systemic 
P4 levels and CL diameter were similar for the first, short 
58 
luteal phase than for the second luteal phase up to their 
respective 4th day post-ovulation. Afteirwards both CL 
diameter and P4 levels were markedly higher for the second 
luteal phase. 
In earlier studies, similar transient P4 elevations 
lasting for 3 to 5 days have been reported to occur before the 
first postpartum ovulation in milked (Butler et al., 1981) and 
suckled (Donaldson et al, . 1970) cows. However, other early 
studies in beef cattle (Castenson et al., 197 6; Odde et al., 
1980) showed that, excluding the occasional formation of 
luteinized follicles, the first postpartum increases in 
systemic P4 were subsequent to ovulation and concurrent to the 
formation of a CL, which is consistent with the recent 
ultrasonographic studies. Yet, despite the available data, 
the possibility of the initial, transient P4 elevation being 
produced in the postpartum ovary without a previous ovulation 
can not be ruled out if different physiological circumstances 
or bovine breeds are studied. As it was discussed in Section 
3, nonovulatory, P4-secreting tissue appears within the ovary 
at the end of the peripubertal period in heifers as a compact, 
nonprotruding luteal-like formation (Berardinelli et al., 
1979), which is frequently termed "luteal nest". 
In suckled beef cows, short-lived CL are usually detected 
preceding the first spontaneous estrous cycle (Humphrey et 
al., 1976; LaVoie et al., 1981; Werth et al., 1996), after 
early weaning (Odde et al., 1980), or after being induced by 
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exogenous GnRH or human chorionic gonadotropin (hCG) (Career 
et al., 1980; Pratt et al., 1982). Ovulations giving rise to 
short-lived CL induced by early weaning (==PPD 30) could be 
followed by fertilization, but pregnancy could not be 
maintained due to the early regression of the CL (Ramirez-
Godinez, 1982a). 
The regressed CL of pregnancy remains palpable for a 
variable time (usually a few weeks) after parturition, but so 
far no evidence has been found suggesting functionality or any 
influence on postpartum ovarian activity (Sawyer, 1995) . 
Follicular development and ovulation in postpartum cows tend 
to occur first in the ovary contralateral to the gravid 
uterine horn. This side priority was foxind to be more 
prevalent in dairy cows (Barrel et al., 1969), but it was also 
reported for beef cattle (Castenson et al., 1976) . A tendency 
for more frequent right than left pregnancies was also 
suggested (Barrel et al., 1968). 
The size of the bovine uteirus decreases markedly over the 
first 14 days postpartum, associated with a concomitant 
lochial discharge (Bobson & Kamonpatana, 1986) . Full uterine 
involution in the postpartx:un cow requires around 3 0 days, but 
suckling enhances this change (Wagner & Hansel, 1969). The 
involuting uterus approaches non-pregnant size and bicomual 
symmetry by PPD 25-47 in dairy cows, or by PPB 37-56 in beef 
cows (Bobson & Kamonpatana, 1986). 
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During uterine involution, there is an increased release 
of PGF2a, whose pulmonary metabolite (13,14-dihydro-15-keto-
PGF2a; PGFM) is measured in systemic circulation in high 
levels for about 3 weeks. The postpartxim decline in PGFM was 
highly correlated with a decrease of the diameter of the 
uterine hoina. Also, in postpartxam dairy cows devoid of 
uterine infection, there was no correlation between systemic 
levels or duration of PGFM release and the onset of the first 
ovarian cycle of normal length (Kindahl et al., 1992; review). 
When the postpartxam anestrous period extends well beyond the 
uterine involution phase, it is likely that the prior 
involutive processes undergone by the uterus and the 
associated increase in PGF2a release are not causing any 
carryover effect involved in the suppression of ovarian 
cyclicity. Kiracofe (1980; review) concluded that uterine 
involution has no relationship to the interval from calving to 
first estrus in the cow. Nonetheless, the noninvoluted uterus 
at least constitutes a barrier to sperm transport in the cow, 
because surgical insemination at the utero-tubal junction 
yielded greater fertilization rates at 3 days post-
insemination than the recto-vaginal insemination technique 
when cows were inseminated before PPD 20 but not when 
inseminated afterwards. However, very few cows would exhibit 
estrus early enough after parturition for physiologic uterine 
involution to interfere with conception (as reviewed by Short 
et al., 1990). 
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The factors and possible mechanisms affecting the 
potential fertility associated to short luteal phases in 
postpartum cows have been reviewed by Inskeep (1995) . Certain 
factors like the degree of previous follicular development, 
pre- and post-ovulatory systemic levels of gonadotropins, and 
luteal LH receptors have been shown to influence some aspects 
of luteal function, but not the shortened luteal phases that 
occur during the resumption of ovarian cyclicity in cows. 
Some of the most widely used models for studying the causes 
leading to the production of short-lived CL in postpartum beef 
cattle are based in the comparison between progestagen-primed 
cows (Norgestomet during 9 days) and control, non primed cows, 
both of which are either early weaned or treated with GnRH or 
hCG around PPD 30. Control cows with acceptable body 
condition usually exhibit estrus in about 4 days after this 
early weaning. Weaning in the treated animals coincides with 
the 1st or 7th day of implantation or with the withdrawal of 
the implant. GnRH or hCG administration coincides with the 2nd 
day after implant withdrawal. Depending on the experiments, 
the luteal phase is monitored \intil its completion or ovarian 
excision is performed during this phase. Based on previous 
experiences (Ramirez-Godinez et al., 1981; Odde et al., 1981; 
Carter et al., 1980; Pratt et al., 1982), most of the 
progestagen-primed cows are expected to generate a normal-
lasting luteal phase after treatment, whereas the non-primed 
controls are expected to develop short-lived CL. Cooper et 
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al. (1991) used a combination of some of the above models and 
caudal vena cava blood sampling in early postpartxom beef cows. 
These authors detected an early release of PGF2a into the 
utero-ovarian venous drainage in both the non progestagen-
primed controls and the 9-day Norgestomet-primed, treated cows 
from day 4 to day 9 after an hCG injection which induced a 
first ovulation postpartum in both groups. However, the PGF2a 
levels were greater during that period for the cows undergoing 
prematxire luteal regression. Thus, this greater early release 
of luteolysin could be responsible for the shortening of the 
luteal phase. However, there were no differences in PGFM or 
oxytocin concentrations in vena cava between the 2 groups. 
Thus, PGFM may not be a reliable indicator of uterine PGF2a 
release. Further, the role of ovarian oxytocin in controlling 
the release of PGF2a during premature luteolysis seems 
doubtful (Cooper et al., 1991). In this study, these authors 
also fovind an increased PGF2a secretion during the 9-day 
Norgestomet-priming period, starting on day 3 and peaking on 
day 5 of this period, which mimicked the above mentioned PGF2a 
increase occurring during premature luteal regression. 
The data for oxytocin in the study from Cooper et al., 
(1991) do not seem consistent with the participation of luteal 
oxytocin and uterine PGF2a in a positive feedback loop leading 
to luteolysis in ruminants, as postulated by Flint et al. 
(1986) . Nevertheless, an early increase in the niamber of 
uterine oxytocin receptors might still contribute to hasten 
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the luteolytic cascade. This was indeed the case in another 
study (Zollers et al., 1993) conducted with beef cattle using 
an analogous model to the above described but with no hCG 
injections and involving weaning on the first day of the 9-day 
Norgestomet implantation period (treated cows) versus only 
weaning (control cows). Control and treated cows had short 
and normal luteal phases, respectively, after the first 
ovulation. Endometrial sampling by hysterectomy in control 
and treated sxibgroups of cows revealed that, on day 5 after 
the first postpartum ovulation, the number of endometrial 
receptors for oxytocin was higher and that for P4 was lower in 
control versus Norgestomet-treated cows. 
In long-term ovariectomized cows pre-treated with P4 (14 
days) and subsequently with E2 in a follicular-phase pattern 
and dosage to induce estrus, it was shown (Lamming & Mann, 
1995) that these previous, high E2 levels downregulated the 
endometrial oxytocin receptors, which then increased in number 
between day 5 and 12 post-estrus. Endometrial biopsies 
(previously shown not to affect the development of the 
luteolytic mechanism in cyclic cows) were obtained from some 
of the cows before and at the end of the P4 pre-treatment and 
revealed that endometrial oxytocin receptors were not 
downregulated by this previous P4 administration. However, if 
a P4+E2 treatment mimicking luteal phase steroid levels was 
given after the induced estrus, the endometrial oxytocin 
receptors remained low until day 17-20 post-estrus (Lamming & 
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Mann, 1995). These results suggest that P4 only prolongs the 
downregulation of oxytocin receptors initiated by E2 if the 
endometrium was previously primed with E2, at least with the 
high E2 levels used in this study. Two, but not one, 500-jj,g 
E2 injections given, respectively, on days 11 and 12 of 
diestrus in the ewe induced synthesis of endometrial P4 
receptors (ZelinsJcy et al., 1980). Also, endometrial P4 
receptor nxjmbers are highest at estrus and decrease by 
midluteal phase in the cow (Meyer et al., 1988) . 
It has been suggested (Zollers et al., 1993) that estrual 
E2 levels in postpartum cows are higher preceding a normal 
versus a short luteal phase. In postpartum beef cows, 
systemic E2 levels at estrus subsequent to calf removal and 
hCG injection were higher for the Norgestomet-primed group 
than for the control group. The ensuing luteal phase was 
normal for the former and short for the latter group (Garcia-
Winder et al., 1986). However, the standard Norgestomet-
implantation protocol causes abnormally high levels of LH 
release and follicular development during the progestagen 
implantation period and also during the subsequent 
periovulatory period (Sirois & Fortune, 1990; Inskeep, 1995). 
But, at least, it has been found that estrogenic 
supplementation through intrauterine infusions of catechol-E2 
(likely devoid of central feedback effects) (Day et al., 1993) 
or by using parenteral E2 implants (Day et al., 1990) 
decreases the incidence of short luteal phases if administered 
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concomitantly to (implancs) , or shortly before (infusions), 
the expected ovulation. However, Perry et al. (1991) reported 
that the systemic levels of E2 during the 8 days preceding the 
first ovulation postpartum (which was followed by a short 
luteal phase) were not significantly different than those of 
the 8 days prior to the next ovulation (which was followed by 
a normal estrous cycle) in beef cows. 
After reviewing the mechanisms contributing to the 
reinitiation of follicular and luteal function during the 
bovine postpartum, it seems apparent that the short luteal 
phases should not be considered as an endocrine failure but as 
a means to re-start the cyclic mode of the hypothalamo-
pituitary-ovarian regulation. Thus, a general, hypothetical 
model for the processes leading to the resumption of ovarian 
cyclicity in postpartum suckled beef cows can be outlined as 
follows: 
a) The pituitary gland restores its LH content by =PPD 
10 in non-suckled cows, or by =PPD 30 in suckled cows, or 
perhaps later if additional, external inhibiting factors are 
present (e.g., undernutrition, stress, as discussed later in 
this Section) . Afterwards, even though the pituitary is ready 
to deliver full-strength LH surges (as shown by early weaning 
or GnRH injection) , the LH surge is still inhibited by 
external influences (suckling, maybe also undernutrition, 
etc.) because GnRH release is being restrained, with GnRH 
being accumulated in the median eminence. 
b) Finally, the hypothalamus "escapes" from the external 
inhibitory control, due to a progressive alleviation of the 
external factors and/or perhaps a progressively decreased 
hypothalamic sensitivity to certain factors induced by these 
external inhibitory influences. Therefore, an increased 
frequency of tonic LH pulses is produced which results in a 
dominant follicle being rescued from atresia (unlike for the 
previously produced dominant follicles). This LH-supported 
follicle, thus, secretes high E2 levels sufficient to trigger 
a normal LH surge, and the first postpartum ovulation occurs. 
Usually this first ovulation is not associated to estrus, due 
to the lack of a previous P4 priming of brain estrous 
behavioral centers (as earlier discussed in Section 3). After 
ovulation, a CL is formed which releases P4. However, since 
the endometriiom was not "primed" by a previous higher E2 
release, or perhaps by some other(s) factor related to the 
occurrence of a previous luteal phase, an early, greater than 
normal, uterine PGF2a release is produced inducing premature 
luteolysis. Nevertheless, the transient P4 release from the 
short-lived CL contributed to a fast replenishment of 
pituitary LH stores after the LH surge, therefore preparing 
the pituitary for the next follicular phase and LH surge. In 
addition, a single dominant follicle grew during the short 
luteal phase and will continue to grow during the upcoming 
follicular phase. 
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c) Aided by the previous luteal phase, during the second 
follicular phase the follicular E2 secretion is this time 
sufficient, not only for triggering a normal LH surge and 
ovulation, but also for inducing the synthesis of endometrial 
P4 receptors in sufficient amotmts as to prevent a premature 
luteolysis dviring the next, second luteal phase. What is not 
yet clear is whether or not the previous, first follicular 
phase yielded lower levels of E2 and/or induced enough 
synthesis of endometrial P4 receptors. 
d) Overt estrous behavior is triggered during the second 
follicular phase because the prior, transient P4 release had 
primed certain behavioral centers in the brain (as discussed 
before) for the action of the high E2 levels of the second 
follicular phase. 
As has been implicit throughout the Sections of this 
literature review, a continuous succession of P4 and E2, with 
the former "preparing the way" for the latter, seems to 
maintain cyclicity. Thus, when this bi-steroid sequence is 
interrupted or has not yet been attained (i.e., during 
prepubertal or postpartum anestrus) E2 alone has to start the 
first steps in the attainment of cyclicity through a slow 
process until P4 is produced, then the switches in steroid 
dominance are induced by these steroid themselves and 
cyclicity is established. 
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B. Main external factor's affecting the resumotion of 
postoartmn cvclicitv in beef cows 
a. Suckling. As discussed earlier (Section 4.A), the 
available evidence suggests that the condition of suckling in 
the cow is associated with the inhibition of GnRH release from 
the hypothalamus, which results in a decreased pulsatile 
release of LH. The neuroendocrine and behavioral aspects of 
the suckling-mediated control of gonadotropin release in the 
cow have been reviewed by Williams (1990) , McNeilly (1994) , 
and Williams & Griffith (1995). A different gonadotropin 
release response is observed in postpartum beef cows depending 
on the postpartum time at which the calf is separated from the 
dam (Williams & Griffith, 1995). If calves are separated at 
birth, resxxmption of pulsatile LH secretion is gradually 
attained within 7-14 days postpartum, followed by the onset of 
ovarian cyclicity (Williams et al., 1983). In contrast, calf 
separation in chronically suckled, anestrous cows after at 
least 2 weeks postpartum (acute weaning) induces an abrupt 
rise in LH pulse frequency within 48-96 hours of calf 
withdrawal (Smith et al., 1983). A similar fast response to 
acute weaning occurs in the chronically suckled, postpartum 
ewe that results from marked changes in GnRH release that are 
similar, if not identical, to those occurring during the 
preovulatory period of normal ovarian cycles (Wise, 1990) . 
Subsequent to acute weaning in beef cows, the hypothalamic 
content of GnRH declined rapidly by 3 6 hours (suggesting a 
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faster release rate of GnRH than synthetic capacity) and then 
increased by 72 hours after calf withdrawal (suggesting a 
slower releasing than synthetic GnRH rate) (Malven et al., 
1986). Acute weaning in beef cows is also accompanied by an 
increased LH release and an increased pituitary responsiveness 
to exogenous GnRH (Walters et al., 1982a). Typically, the 
raised LH release includes increases in pulse frequency but 
not in pulse amplitude (Walters et al., 1982b; Silveira et 
al., 1993). This acute response to weaning can be halted by a 
premature calf return, as it may take up to 144 h of temporary 
calf withdrawal to eventually induce ovulation in all beef 
cows receiving such treatment (Shively & Williams, 1989). 
Subsequent to weaning of beef cows on PPD 21, the numbers 
of LH and FSH receptors within the largest, preovulatory 
follicle changed (with respect to the non-weaned controls) 
following a similar pattern than that obseirved during the 
early follicular phase in cyclic cows that were synchronized 
by progestagen treatment, although the changes occurred around 
2 days earlier for these cyclic cows. In the weaned cows, the 
numbers of FSH receptors increased from the 1st to the 3rd day 
after calf removal and subsequently declined, whereas LH 
receptor numbers increased from the 3rd to the 4th day post-
weaning (Walters et al., 1982b). 
Between PPD 3 and 20, pituitary responsiveness to 
exogenous GnRH did not differ between suckled and nonsuckled 
beef cows, but this responsiveness was higher for the suckled 
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cows by PPD 30 (Williams et al., 1982). This greater response 
in the suckled cows is interpreted (Williams, 1990) as a 
consequence of the gradual increase in pituitary LH stores 
initiated after calving. In contrast, studies of acute 
weaning in long-term anestrous beef cows (Walters et al., 
1982b; Smith et al., 1983) revealed a greater pituitary 
responsiveness to exogenous GnRH after calf removal treatment 
than in the control, nonweaned animals, although the response 
of both groups is also suggestive of abundant pituitary LH 
stores acciimulated during anestrus (Williams, 1990) . 
Hojrmone isoforms of gonadotropins (see Bousfield et al., 
1994 for review) differ in the composition of their 
oligosaccharide coating, with greater glycosilation being 
usually associated with lower bioactivity (as measured by 
available bioassays) but longer half-life, without affecting 
the immunoactivity (as determined by radioimmunoassay) of the 
gonadotropin molecule. The relative biopotency of LH (ratio 
bioactivity : immunoactivity) in the circulation was greater 
during late metestrus and diestrus than during proestrus and 
estrus in beef cows (Mathison et al., 1986). This ratio of 
systemic LH also increased from PPD 3 to PPD 12 in dairy cows 
(Weesner et al., 1987). Paradoxically, the relative 
biopotency of the LH stored in the pituitary gland did not 
vary with reproductive status or plane of nutrition, and 
neither did it change at various times after calving in beef 
cows (Moss et al., 1988). In suckling beef cows, bioactive LH 
/ J. 
concentrations and LH relative biopotency decreased between 
PPD 15 and PPD 30 in the animals loosing body condition score 
(BCS) , but they increased during the same inteirval in the cows 
that maintained the BCS dxiring the postpartxim period (Bastidas 
et al., 1990) . In contrast, dietary energy restriction in non 
lactating beef cows caused cessation of cyclicity but did not 
affect LH biopotency (Bums et al., 1995). Thus, the combined 
assessment of pulsaltile release, bioactivity and half-life of 
released LH might improve the \inderstanding of the changes in 
follicular development and luteal function during the 
postpartum period. 
Another factor that has been suggested to modulate the 
regulation of the hypothalamo-pituitary-ovarian axis during 
postpartum involves the changes in sensitivity to the negative 
feedback of E2. In ovariectomized, postpartum beef suckling 
cows, E2 implants suppressed the pre-weaning systemic LH 
levels below those of the ovariectomized cows not treated with 
E2. In contrast, once the cows were weaned (PPD 21) the E2 
treatment stimulated the post-weaning LH release above that of 
the ovariectomized, non E2-treated cows, thus suggesting that 
suckling-derived stimuli increase the sensitivity of the 
hypothalamo-hypophysial complex to the negative feedback of E2 
{Acosta et al., 1983). This increased sensitivity to E2 
negative feedback during postpartxam resembles that occurring 
during the prepubertal period, as discussed in Section 3.A. 
72 
As discussed earlier (Section 3.A.), opioid peptides 
interact with E2 to inhibit LH release in prepubertal heifers, 
and the inhibitory opioid tone seems to decrease as puberty-
approaches. A similar gradual process might be occurring 
during the postpartum period until the resiimption of estrous 
cyclicity in beef cows. Indeed, the opiate antagonist 
naloxone induced LH release (suggestive of a preexisting 
inhibitory opioid tone) in prepxibertal heifers (Chang et al., 
1988), postpartum beef cows (Whisnant et al., 1986c), or in 
cycling, yearling (10-12 month old) heifers, but not in cyclic 
cows or diestrous yearling heifers (Mahmoud et al., 1989). 
Likewise, in ovariectomized adult cows, the increase in LH 
release in response to naloxone was low during treatment with 
luteal-phase dosages of either E2+P4 or E2 alone (Stumpf et 
al., 1993) (see Section 3.B.d). Data from this latter study 
provide support for the notion that only a low level of 
inhibitory opioid tone acts upon the LH release mechanisms in 
cyclic cows. As discussed in Section 3.B.b, the situation 
seems to be different in ewes, which only exhibit consistently 
positive responses to naloxone when systemic levels of P4 are 
high (see Goodman, 1994). 
In a series of studies (Whisnant et al., 1986a, 1986b, 
1986c) , low doses of naloxone (200 mg IV) induced LH release 
in postpartiam beef cows after PPD 42, and higher dosages (400-
800 mg) had to be used to disinhibit LH secretion as early as 
PPD 14, but weaned cows showed no response to naloxone. In 
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another study (Connor et al., 1990) using beef cows, 
hypothalamic levels of the opioid met-enkephalin on PPD 3 0 
were higher in the POA of dietary energy restricted versus 
adequately fed cows, regardless of whether their calves were 
withdrawn or remained with their dams. Conversely, calf 
removal decreased the levels of the opioid S-endorphin in the 
POA and the rest of the hypothalamus regardless of dietary 
energy level (Connor et al., 1990). 
Restricting suckling for more than 10 days to only one 
suckling bout (30-60 minutes) a day increased conception rates 
and reduced the postpartxim interval to first estrus in several 
studies (see Williams, 1990). The exteroceptive components of 
the suckling effect in cows, which are linked to maternal and 
calf behaviors, have been recently studied in increasing depth 
(see Williams, 1990, and Williams & Griffith, 1995). 
Mechanical, electrical or thermal stimulation of sensory nerve 
endings in the teat failed to simulate the effects of suckling 
on LH release. In addition, mechanical masking of the udder 
or the calf's muzzle that allowed oral contact of the calf 
with the cow's inguinal region did not affect the inhibition 
of LH release or the delay of ovarian or estrous cyclicity 
compared with normally suckled cows. Likewise, mastectomized 
cows maintained with their calves without restricting cow-calf 
tactile interactions exhibited anovulatory periods similar to 
suckled-intact cows. 
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Suckled cows with chemically and surgically denervated 
udders also had prolonged inteirvals to estrus similar to those 
of suckled control cows (Short et al., 1976). Similarly, 
complete surgical mammaiy denervation failed to prevent the 
suckling-induced inhibition of LH and did not affect the 
interval to first ovulation postpartum (Williams et al. , 
1993) . However, when the cow-calf interactions were 
restricted either mechanically, by using large plastic cups as 
rigid muzzles (Williams et al., 1987), or spatially, by 
limiting the access of the calf to only the head and neck of 
its mastectomized dam (Viker et al., 1993; Stevenson et al., 
1994), hence impeding oro-mammary or oro-inguinal tactile 
contact, respectively, the cows reacted endocrinologically as 
if they were weaned and the anovulatory state was not 
maintained. Continuous presence of the calf with restriction 
of calf contact to the head and neck of the udder-intact beef 
cattle dam resulted in an inteorval to first ovulation 
postpartum which was intermediate between that of weaned cows 
and that of normally suckled cows (Hoffmam et al., 1996) . 
However, the possible stress inflicted to the dam by the 
continuous presence of its partially isolated, confined calf 
could have constituted a confounding experimental artifact. 
Enforced suckling of beef cows by single unrelated calves 
did not attenuate the increase in LH pulse frequency produced 
after withdrawal of their own calves, and thus the interval to 
first ovulation was similar to that in nonsuckled, weaned cows 
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(Silveira et al., 1993). With udder-incact cows and 
unrestricted calves, it was recently shown that olfaction and 
vision are each sufficient and equally effective for calf 
identification by its dam, and that simultaneous elimination 
of both senses impedes calf identification and results in the 
loss of the negative effect of suckling on LH secretion 
(Griffith & Williams, 1996). 
Thus, the mere psychological perception of the cow being 
suckled by its own calf, as identified olfactorily and/or 
visually, may be sufficient for causing the suckling-induced 
inhibition of LH release resulting in the prolonged postpartum 
anestrus typical of suckled beef cows. 
b. Nutrition. The effects of undernutrition on the 
regulation of postpartum gonadotropin release in the cow are 
somewhat similar to those previously discussed for the 
suckling condition. Also, there is some evidence suggesting 
an added inhibitory influence of low dietary energy levels on 
ovarian responsiveness to gonadotropin stimulation, i.e., a 
direct ovarian effect of undernutrition. In addition, a great 
part of the research efforts in the area of nutritional 
physiology of postpartiim reproduction in ruminants has been 
directed towards finding the linkage between the nutritional 
status and its observed effects on the hypothalamo-pituitary-
ovarian axis. The above mentioned nutritional effects on 
neuroendocrine regulation, ovarian function and their possible 
IS  
metabolic connections have been reviewed by Randel (1990), 
Peters & Lamming (1990), Ferrell (1991), Schillo (1992), Lucy 
et al. (1992), and Jolly et al. (1995). In the absence of 
specific micronutrient deficiency states, energy status 
(particularly at the time of partiirition) is usually the major 
limiting factor affecting the onset of postpartum cyclicity in 
cattle, although crude protein intake may also acquire major 
importance (Peters & Lamming, 1990). 
In a study (Nolan et al., 1988) that monitored 
primiparous, suckled beef cows during postpartum (PPD 20 
through 60), the treated, dietary protein-restricted groups of 
cows had either increased or similar pituitairy content of LH 
and FSH on PPD 60 in comparison with the adequately fed 
controls, and these pituitary gonadotropin stores decreased 
with the length of the dietary restriction period. The 
dietary protein restriction also reduced the exogenous-GnRH-
induced LH release but did not affect the number of pituitary 
GnRH receptors measured on PPD 60. In the same study, the 
tonic LH release was significantly affected only in its pulse 
frequency, which was kept low in the diet-restricted cows. In 
addition, the LH response to exogenous E2 (indicative of the 
E2 feedback status) was not affected by the diet, although the 
time from the E2 challenge to the induced LH peak decreased 
with time postpartum in the control cows and not in the 
protein-deprived animals (Nolan et al.,1988). 
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In suckled beef cows, piuuitary gonadotropin content 
increased with time after calving (Moss et al., 1985) and 
increased or remained unchanged with undernutrition (Nolan et 
al., 1988). However, neither of these two factors affected 
pituitary GnRH receptor niombers (Moss et al., 1985 ; Nolan et 
al., 1988). Others (Rasby et al., 1991) reported no effect of 
diet restriction on pituitary LH stores in non lactating beef 
cows. 
If the pituitary GnRH receptor population does not 
change, then it can be assximed that any change in spontaneous 
or exogenously induced LH release is due to changes in LH 
pituitary stores and/or in GnRH release. Furthermore, if GnRH 
release was more impaired than its synthesis, GnRH would 
accumulate in the median eminence and, thus, it might be 
expected to influence the patterns of spontaneous or induced 
LH release. 
Beef cows fed restricted diets had increased amounts of 
GnRH in the infxindibular stalk-median eminence in comparison 
with control cows (Rasby et al., 1992), and this GnRH content 
was negatively correlated with body condition score (BCS) 
(Wetteman et al., 1989). In nonlactating, nutritionally 
anestrous beef cows, ovarian cyclicity was reinitiated by 
exogenous GnRH pulses, thus suggesting that nutritional 
anestrus in cows is due to reduced release of GnRH from the 
hypothalamus (Bishop & Wettemann, 1993). The influence of 
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nutritional status on hypothalamic content of opioids (Connor 
et al., 1990) has been discussed in Section 4.B.a. 
Wright et al. (1992) showed that undernutrition can 
affect LH release independently of E2 negative feedback 
mechanisms in the ovariectomized, suckled beef cow. In that 
study, on the 5th and 9th weeks postpartum, the systemic mean 
LH concentration and frequency and amplitude of LH pulses, 
plus the LH response to exogenous GnRH, were decreased by 
undernutrition. With ovariectomized beef heifers that were 
previously cycling, Imakawa et al. (1987) also showed an E2 
independent, direct effect of undernutrition upon the LH 
release mechanisms. But if an E2-implant treatment was added, 
the LH release was further decreased in the diet-restricted 
heifers and not in heifers fed a control diet, which suggests 
that undeomutrition increases the sensitivity of the 
hypothalamo-hypophysial complex to the negative feedback 
effects of E2. 
Energy-restricted diets resulted in either increased 
(Whisnant et al., 1985), decreased (Lishman et al., 1979), or 
unaffected (Entwistle & Oga, 1977) LH response to exogenous 
GnRH in postpartum cows. In several studies, the recovery of 
high frequency pulsatile LH release postpartum was inhibited 
by undernutrition in suckling beef cows at various times after 
calving (ranging from PPD 14 to PPD 70) when compared with 
cows fed an adequate diet. For instance, dietary protein 
restriction decreased the LH pulse frequency and tended to 
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decrease the LH pulse amplitude in postpartum suckled beef 
cows (Nolan et al., 1988). Dietary energy restriction reduced 
both the LH pulse frequency and the LH mean concentration in 
postpartum suckled beef cows (Perry et al., 1991b), and it 
also reduced the mean LH concentration plus the LH pulse 
frequency and amplitude in ovariectomized, postpartum suckled 
beef cows (Wright et al., 1992). Effects of undernutrition 
and suckling were shown to interact to suppress LH pulse 
frequency, as underfed postpartum beef cows had lower LH pulse 
frequencies than well-fed cows but this difference disappeared 
by 2 days after calf removal (Whisnant et al., 1985). 
The effects of undernutrition on LH release patterns have 
been also studied in nonlactating cows, thus eliminating the 
additional inhibitory effect of suckling. In nonlactating 
postpartum beef cows, phlorizin-induced hypoglycemia (caused 
by increased clearance of glucose) reduced LH pulse amplitude 
but failed to alter LH pulse frequency or GnRH-induced LH 
release (Rutter Sc. Manns, 1987). In a study (Richards et al., 
1989a) using multiparous, cycling, nonlactating beef cows, 
feed restriction initially reduced the systemic LH mean 
concentration, and afterwards, when the mean BCS of the cows 
dropped to =3 .5 (in a 1-9 scale) and cows approached anestrus, 
the LH pulse frequency was also decreased. After subsequent 
refeeding, estrous cyclicity resumed when a mean BCS of =4.5 
was reached. In another study (Rhodes et al., 1995b), in 
which cyclic, beef Brahman heifers became anestrous due to 
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underfeeding, no significant effeccs of undernutrition on the 
levels or patterns of LH release were detected. In this 
study, in addition, the levels and patterns of LH release 
measured during the early luteal phase of the estrous cycles 
were not different from those measxired during the sxxbsequent 
anestrous period. Similarly, LH release was unaffected in 
analogous situations for lactating, initially cycling and then 
anestrous beef cows (Schrick et al., 1992) or anestrous, 
postpartxam suckled beef (Brahman) cows (Bastidas et al., 
1990). However, in this latter study, the levels of bioactive 
LH in the underfed group decreased with time postpartum, 
whereas they increased in the control group of cows, which 
also had a shorter interval to first estrus postpartum 
(Bastidas et al., 1990). 
The differences in tonic LH release and/or pituitary 
responsiveness to exogenous GnRH among experiments may reflect 
differences in pituitary stores, GnRH release rate, GnRH 
accumulation in the median eminence, or a combination of some 
of these factors. In general, it is not unusual to find 
conflicting data among studies involving nutritional effects 
on reproductive function. Some of the inconsistencies among 
results from different studies may have arisen from different 
physiological status and underfeeding protocols or perhaps 
from different sensitivities to undernutrition due to age 
and/or breed differences. 
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Data reported on nutritional effects on plasma FSH levels 
in postpartum cows are less consistent among studies than 
those on LH release. Nevertheless, as Terqui (1985) 
suggested, the cases of deeper anestirus due to severe 
undernutrition may be associated with low systemic levels of 
FSH in addition to the low levels of LH characteristic of the 
typical anestrus (see Jolly et al., 1995). 
Although comparable research has not been done in cows, 
several studies in the ewe (e.g., Thomas et al., 1987) suggest 
that increased nutritional levels may result in increased 
activity of hepatic oxidase enzymes involved in steroid 
degradation, thus lessening the negative feedback effects of 
ovarian steroids and leading to an increased gonadotropin 
secretion. In the particular case of E2, it is thought that 
the effects of "nutritional flushing" in the ewe are due to an 
increased feeding intake that results in a diminished negative 
feedback of E2 and hence in an increased gonadotropin release 
and a greater ovulation rate (see Ferrell, 1991). In both 
intact and ovariectomized ewes, feed intake (ranging from sub-
to supra-maintenance levels) was inversely related to the 
circulating levels of exogenously administered P4 (McEvoy et 
al., 1995). However, it was recently observed that in 
ovariectomized, multiparous ewes, low feed intake reduced 
splanchnic oxygen consumption and tended to decrease the 
hepatic blood flow, but it did not affect the splanchnic 
metabolic clearance rate of exogenously administered P4 
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(Freetly & Ferrell, 1994) . Yet, there could be other 
mechanisms linking feed intake with steroid clearance rate 
changes, as it has been described (Ruoff & Dziuk, 1994) that 
estrogens are recirculated in the pig through an entero-
hepatic route involving bile excretion of estrogen conjugates, 
bacterial deconjugation in intestine and rectal absorption of 
deconjugated estrogens. Thus, this route could be easily 
affected by changing feed type or intake rate. 
In cattle, in contrast, not only the effect of 
xmdemutrition on P4 metabolic clearance rate is unknown, but 
also there are conflicting results for systemic levels of 
endogenous P4 during the luteal phase under diet restriction. 
Restricted nutrient intake in the cow either decreased (Beal 
et al., 1978; Imakawa et al., 1983), increased (McCann & 
Hansel, 1986), or did not significantly affect (Spitzer et 
al., 1978; Schrick et al., 1990, 1992; Rhodes et al., 1995) 
systemic P4 levels. The plane of nutrition did not 
significantly affect systemic E2 levels in postpartum beef 
cows (Corah et al., 1974; Lishman et al., 1979). In addition, 
decreased concentrations and binding affinity of steroid-
binding proteins in the circulation of xindemourished heifers 
have been reported (Lermite & Terqui, 1991), but so far no 
conclusions can be drawn regarding the role of a possible 
interplay between E2 or P4 and steroid binding proteins in 
mediating nutritional effects on reproductive parameters in 
cattle (see Jolly et al., 1995). It can be postulated that 
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undernutrition in cattle decreases the rate of disappearance 
of systemic E2 and P4 and also reduces the ovarian secretion 
of these steroids. If this hypothesis was correct, then the 
systemic levels of either E2 or P4 in underfed cows would be 
expected to increase, decrease, or remain relatively 
unchanged, depending on a secretion:disappearance ratio for 
the particular steroid. This ratio could vary with different 
experimental conditions in different studies, which could 
result in apparently conflicting data pertaining the effects 
of undernutrition on steroid levels in circulation. 
Regardless of whether the levels of circulating 
immunoactive LH are decreased or not by undernutrition, 
ultrasonographic studies of follicular dynamics in postpartum 
dairy cows (Lucy et al., 1991), suckled postpartum beef cows 
(Perry et al., 1991b; Ryan et al., 1994; Grimard et al., 
1995), or postpiobertal beef heifers (Murphy et al., 1991; 
Rhodes et al., 1995b), consistently revealed an inhibitory 
effect of diet restriction on follicular growth. And, 
moreover, the changes in follicular growth appear to vary with 
the degree of undernutrition. Similarly to the observed 
effects of nursing on follicular dynamics in adequately fed 
suckled beef cows, moderate levels of undeinautrition in cattle 
may affect the final maturation of the dominant follicle 
(Mu2:phy et al., 1991), and even inhibit ovulation (Rhodes et 
al., 1995b), without causing marked effects on the growth of 
follicles up to preovulatory size (>10 mm). In contrast, as 
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seen in the study from Perry et al. (1991b), severe 
undernutrition may result in the absence of >8-mm follicles 
(which could produce appreciable E2 levels) or even lead to a 
lack of >5-mm follicles (as reviewed by Jolly et al., 1995) . 
Restricted dietary energy prolonged the interval to first 
postpartxam ovulation and decreased the rate of appearance (No. 
follicles/ No. days monitored) of large (>10 mm) and small (>5 
to <8 mm) follicles in suckling beef cows (Perry et al., 
1991b). In cyclic beef (Friesian x Hereford) heifers, low 
dietary intake reduced the diameter and persistence of 
dominant follicles during the estrous cycle and tended to 
increase (from 2 to 3) the nxomber of diestrual follicular 
waves. However, neither the CL diameter, luteal phase P4 
levels, nor the length of the luteal phase were significantly 
affected by increasing or decreasing the dietary intake with 
respect to the adequate diet (Murphy et al., 1991). 
In postpubertal, cyclic beef (Brahman) heifers, 
restricted dietary intake resulted in linear decreases in the 
persistence and maximum diameter of the cycle's first dominant 
follicle (Rhodes et al., 1995. The restricted diet also 
resulted in linear decreases in maximum size of the ovulatoiry 
follicle and CL, in association with proportional decreases in 
BW along several (up to 6) consecutive estrous cycles until 
the onset of anestrus. However, there was no change in the 
persistence of the CL, number of dominant follicles per 
estrous cycle, or in the mean systemic P4 levels during those 
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estrous cycles preceding anestrus when compared across time or 
with the contemporary cycles of control-diet cows. Once the 
dietary restriction ended, the return to estrous cyclicity was 
characterized by a longer persistence of dominant follicles 
(in the absence of CD in comparison with the pre-restriction 
values, and also by a linear increase in growth and size of 
dominant follicles proportional to the increases in BW. 
Ovulation resxamed when the size of dominant follicles was 
=100% of that of the ovulatory follicles developed before the 
dietary restriction started. The first interovulatory 
interval of this recovery period was short and followed by 
normal estrous cycles (Rhodes et al., 1995). An abrupt 
transition from estrous cyclicity to nutritional anestrus, 
with no change in the length of the last estrous cycles, was 
also reported by Imakawa et al. (1983) in postpiibertal beef 
heifers. 
In a study (Schrick et al., 1992) using multiparous, 
cyclic suckled beef cows that became anestrous during 
lactation after dietaiY energy restriction, it was observed 
that the last estrous cycle was followed by the formation of a 
sxibfunctional CL which marked the transition to anestrus. 
During this transitional phase undergone by the underfed cows, 
systemic P4 levels were low (<1.5 ng/ml on day 10 post-
estrus), and they became basal by day 13 post-estrus in a 
subset of 4 underfed cows that were monitored for 22 more 
days, in which period none of these 4 cows ovulated or showed 
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estrus. In that study, the last estrous cycle before anestrus 
was characterized by systemic P4 and LH levels that were not 
significantly different from those of the contemporary cycle 
in the control-diet cows. During the next, transitional phase 
that encompassed the siibfunctional CL formation, the systemic 
P4 levels were lower than those of the contemporary cycle of 
the control-diet cows, although the systemic LH levels, again, 
not affected by diet. Moreover, the subfunctional CL 
(obtained by ovariectomy from a sxibset of 14 underfed cows on 
day 11 post-estrus) had the same weight, secreted the same 
amoiint of LH-induced P4 in vitro and had the same numbers of 
LH receptors than the normal CL in the contemporary controls. 
These observations suggested (Schrick et al., 1992) either a 
direct ovarian effect of undernutrition, possibly due to 
reduced substrate availability for P4 synthesis, or, 
alternatively, a reduced bioactivity of the circulating LH. 
Other studies suggested, likewise, that undernutrition 
may also exert a direct effect upon the ovary. For instance. 
Short & Adams (1988) administered intermittent injections of 
GnRH to control and underfed suckled beef cows starting on PPD 
21, and all the animals responded with LH pulses. However, 
more control cows ovulated during the treatment period, 
suggesting that there was a decreased ovarian response in the 
underfed cows. 
The possible mechanisms linking nutritional status to the 
activity of the hypothalamo-pituitary-ovarian axis in 
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ruminants have been reviewed by Randel (1990) and Schillo 
(1992). It is currently theorized that metabolic changes 
determining nutritional status may influence the regulatory 
mechanisms of LH release either through specific blood-borne 
metabolic signals, such as metabolites and metabolic hormones, 
or by altering the availability of nutrients, such as 
metabolic fuels in general and certain amino acids, to certain 
neurons controlling GnRH release. Substances in the systemic 
circulation with a proven role in mediating the effects of 
nutrition on GnRH release have not been identified, but recent 
evidence suggests that certain neurons controlling, directly 
or indirectly, the pulsatile release of GnRH may be responsive 
to local availability of metabolic fuels (see Schillo, 1992). 
It was speculated earlier that body fatness somehow 
regulates reproductive activity, and human fat tissue has even 
been shown to have steroidogenic capabilities. However, there 
is no evidence that fat level per se links nutritional status 
to LH release or ovarian function, and thus body fat ^d BCS 
are currently viewed just as indicators of nutritional status 
in domestic animals (see Bronson & Manning, 1991). Several 
studies have shown that body fatness (as estimated by BCS) at 
calving is inversely correlated with the interval to first 
estrus postpartum (see Randel, 1990), and cows losing body fat 
during the postpartxxm period had lower basal concentrations of 
LH in systemic circulation than those maintaining their BCS 
(Rutter Sc. Randel, 1984) . 
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In general, periods of low nutrition in miminants are 
associated with decreased glucose levels and, thus, decreased 
insulin secretion, resulting in enhanced lipolysis and hence 
in increased levels of non-esterified fatty acids (NEFA). In 
addition, these alterations are usually accompcinied by changes 
in circulating concentrations of various amino acids (see 
Schillo, 1992). Nutritional anestrus in non lactating beef 
cows was associated with reduced concentrations of glucose and 
insulin and increased levels of NEFA. Furthermore, after 
glucose infusion, the glucose and insulin levels remained 
elevated for a longer time in xmderfed versus adequately fed 
cows, indicating insulin resistance or an impaiirment in the 
insulin glucoregulatory mechanisms {Richards et al., 1989b) . 
Numerous studies have investigated various metabolic 
signals as possible connections between nutrition and 
reproductive function, although these metabolites or hormones 
have not yet been shown to act as causal mediators of the 
interaction between nutrition and reproduction but just as 
consequences or indexes of a given nutritional status 
(Schillo, 1992). 
As discussed before, hypoglycemia decreased LH pulse 
amplitude, and the fact that the LH release induced by 
exogenous GnRH was not affected by glucose level suggested 
that glucose or energy availability acted at hypothalamic 
level decreasing GnRH secretion (Rutter & Manns, 1987). 
Levels of NEFA were negatively correlated with LH pulse 
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frequency on PPD 3 0 and with the size of nhe largest follicle 
on PPD 40-50 in beef suckling cows (Grimard et al., 1995). 
Also, underfeeding increased NEFA levels and decreased 
cholesterol levels in association with unchanged LH release 
but decreased LH bioactivity in the circulation of postpartum 
suckled Brahman cows (Bastidas et al., 1990). However, lipid 
infusion in ovariectomized sheep elevated NEFA to levels 
similar to those of fasted sheep and inhibited the frequency 
of growth hormone pulsatile release, but the LH release 
remained unaffected (Estienne et al., 1990). In postpartum 
suckled beef cows, supplementing the diet with calcium soaps 
of long-chain fatty acids raised plasma cholesterol levels and 
enhanced systemic LH mean concentrations and follicular growth 
during the luteal phase of the first postpartum estjrus in 
comparison with the control-fed animals, whose diet was 
isoenergetic and isonitrogenous with respect to the 
supplemented diet. This suggested that the beneficial effects 
of the supplement could be related to the increased 
cholesterol level (Hightshoe et al., 1991). 
Another metabolic signal, insulin, failed to affect the 
patterns of LH release during the estrous cycle of well fed 
and underfed beef heifers, but it increased ovulation rate in 
response to FSH injections in the undernourished animals 
(Harrison & Randel, 1986). Since systemic levels of insulin 
and insulin-like growth factor-I (IGF-I) respond to energy and 
protein intake, several roles influencing the fxanction of the 
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neuroendocrine reproductive axis of domestic animals have been 
postulated for these hormones, but the experimental evidence 
is as yet inconclusive (Ferrell, 1991). Feed restriction in 
postpartxam suckled beef cows resulted in a decrease (Rutter & 
Manns, 1989) or no change (Rutter & Manns, 1991) in systemic 
levels of IGF-I. The nutrient restriction altered follicular 
growth but failed to alter the systemic insulin or IGF levels 
(before or after follicle collection by ovariectomy), or the 
intrafollicular concentrations of IGF-I, or the systemic 
insulin levels, although it elevated the systemic NEFA levels 
and decreased the systemic glucose concentrations (Rutter & 
Manns, 1991) . In non lactating, ovariectomized beef cows, an 
E2 injection increased the systemic levels of IGF-I in the 
adequately fed but not in the underfed animals (Richards et 
al., 1991). 
There is some evidence suggesting that availability of 
certain amino acids, specially tyrosine (Hall et al., 1990), 
may enhance LH release in ruminants, perhaps by allowing the 
production of catecholamine neurotransmitters that might 
enhance GnRH secretion (see Schillo, 1992). Abomasal 
infusions of tyrosine in ovariectomized, feed-restricted lambs 
increased the systemic and hypothalamic levels of this amino 
acid and enhanced LH pulse frequency, although the frequency 
did not reach the levels of the adequately fed, control lambs, 
suggesting that tyrosine may enhance LH release but is not the 
only mediator (Hall et al., 1990). 
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Alternatively, nutrition might influence LH release just 
by means of the availability of metabolic fuels provided by a 
given nutritional status, i.e., the system might be sensitive 
to the total energy available. Blocking glycolysis with IV 
infusions of 2-deoxy-D-glucose in ovariectomized lambs did not 
influence patterns of LH, except when an injection of methyl-
palmoxirate (a blocker of fatty acid oxidation) was added to 
the treatment, in which case the pulsatile LH release was 
completely abolished. It did not seem a non-specific effect 
of energy deprivation, because this combination of two 
blockers did not affect the patterns of growth hormone 
secretion (Hileman et al., 1991). Thus, it is hypothesized 
(Schillo, 1992) that the mechanisms controlling LH secretion 
may be sensitive to the availability of oxidizable metabolic 
fuels. 
c. Other factors. Seasonality was one of the first 
factors to be associated with the length of postpartum 
anestrus in cows, and it was frequently reported that the cows 
calving in late Spring or late Spring to early Fall (when the 
length of the photoperiod is greatest and/or increasing) have 
shorter anestrous periods that those calving in late Fall to 
early Spring (when the length of the photoperiod is least 
and/or decreasing). However, the light and temperature 
differences could be confoiinded with nutritional changes 
throughout the year in many of these studies (see Short et 
al., 1990). Some other studies suggested an opposite 
tendency, with the longest anestrous periods in Spring or late 
Winter (see Lamming et al., 1981), but the possible influence 
of seasonal nutritional factors could not be ruled out. 
In studies involving artificial manipulation of 
photoperiod in special indoor facilities, in which the light 
and/or temperature effects can be isolated from various, 
otherwise confounding influences (see Hauser, 1984), it was 
found that increasing both photoperiod and temperature 
progressively to simulate Spring to Fall environmental 
conditions hastened the onset of puberty in beef heifers 
(Schillo et al., 1983). Likewise, supplemental artificial 
lighting resulting in an increasing photoperiod was found to 
stimulate gonadotropin secretion in ovariectomized, E2-
implanted, postpubertal beef heifers (Critser & Hauser, 1983). 
In postpartum suckled beef cows, supplemental artificial 
lighting shortened the interval to first estrus in the 
primiparous and, inconsistently, in the multiparous animals, 
but there were no differences in systemic E2, LH, or FSH 
release patterns or levels between light-supplemented and 
control cows (Hansen & Hauser, 1984). Moreover, light 
supplementation in that study did not affect the LH or FSH 
release in response to an E2 injection given on the 3rd 
postpartiim week, suggesting that the different photoperiod did 
not alter the E2 feedback status. It was reported (Sharpe et 
al., 1986) that administration of subcutaneous melatonin 
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implants, which yielded systemic melatonin levels within -he 
lower range of typical night time bovine values, induced an 
approximately 10-day delay in the onset of postpartum 
cyclicity in beef cows. However, the biological significance 
of this effect of exogenous melatonin is not clear, as the 
only other hormonal data available were weekly P4 values. 
Recent ultrasonographic studies reported some seasonal 
effects on ovarian dynamics in Brahman {Bos indicus) cattle. 
However, as in most of the earlier studies, the experimental 
designs did not allow for comparisons between contemporary 
groups sxibjected to different environmental conditions. 
Brahman-based breeds exhibit a more marked seasonality in 
reproductive function than the european {Bos taurus) breeds, 
and apparently the optimal breeding conditions in the former 
are associated with increased day length (see Randel, 1994) . 
In cyclic beef (Brahman) cows, Zeitoun & Randel (1996) 
detected a larger size of the last diestrual dominant 
follicle, higher diestrual P4 levels, and a 1.7-day longer 
duration of the luteal-phase P4 levels during the estrous 
cycle in Spring versus in the Fall, although the estrous cycle 
1ength was s imi 1ar. 
The res\imption of postpartxim estrous cyclicity may also 
be hastened by the presence of the bull (see Short et al., 
1990). In primiparous suckled beef cows, the anestrous 
postpartum period was =20 days shorter in cows that were 
continuously exposed to bulls (from PPD 1 or 30 onwards) than 
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in cows that were either intermittently exposed (2 hours every 
3 days from PPD 30 onwards) or not exposed to bulls (Fernandez 
et al., 1996). In this study, the first exposure (2 hours) to 
bulls on PPD 30 acutely increased (within 3 hours post­
exposure) the systemic mean LH concentrations and LH pulse 
frequency in exposed versus nonexposed cows. These LH 
parameters were also higher afterwards in the cows that were 
exposed (continuously or intermittently) to bulls during the 
anestrous period in comparison with the nonexposed cows. 
However, the anestrous period was not shortened for the 
intermittently exposed cows. Cupp et al. (1993) found that 
both mature and yearling bulls are able to shorten the 
postpartum anestrous period of primiparous and multiparous 
suckled beef cows. Custer et al. (1990) also found that bull 
presence hastened the onset of estrus and ovarian cyclicity 
postpartxjm in primiparous beef cows, as assessed by behavioral 
and hoirmonal (P4) data, but no effect of bull exposure was 
detected in the LH release patterns of cows that were bull-
exposed from PPD 1 when compared to nonexposed cows. 
The factors mediating this "bull effect" are still 
xinlaiown. There could be male to female and female to female 
behavioral interactions, either pheromonally or 
psychologically mediated. Some studies have suggested the 
possibility that pheromones, either in bull urine (Izard & 
Vandenbergh, 1982) or in ceirvical mucus from estrous cows 
(Wright et al., 1994), or xinknown factors from testosterone-
treated teaser cows (Bums & Spitzer, 1992) , may play a role 
in hastening the onset of puberty or postpartum estrous 
cyclicity in bovine females. However, the nature of the 
external cues involved in these biostimulatory effects remains 
unclear. 
There is a paucity of research on the interaction between 
stress and reproduction in ruminants, but it is clear that 
stress may exert deleterious effects on the reproductive 
efficiency of ruminants and other farm animals, either when 
induced by physical or psychological stressors. However, most 
of the evidence is circxomstantial, and the neuroendocrine 
mechanisms involved are not yet well understood (see Dobson & 
Smith, 1995). Studies conducted in several species suggest 
that the immediate changes in LH release induced by stress are 
mediated at the level of the mechanisms regulating GnRH 
secretion, whereas the long-term effects of stress 
additionally involve alterations in pituitary and gonadal 
responsiveness (see Rivier & Rivest, 1991). 
Stressor agents may elicit the release of antigonadal 
hoirmones from the hypothalamo-pituitary-adrenal axis. Some of 
these hormonal mediators of stress are the hypothalamic CRH 
(corticotropin releasing hormone), the adenohypophysial ACTH 
(adrenocorticotropic hormone), and Cortisol (an adrenal 
glucocorticosteroid). These hormones have been experimentally 
administered to ruminants with inconsistent effects on LH 
release which are difficult to interpret, specially for the 
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intra-cerebro-ventricular CRH infusions in sheep (as reviewed 
by Dobson & Smith, 1995) . Administration of ACTH or 
glucocorticosteroids to intact or adrenalectomized cyclic 
heifers, respectively, decreased the GnRH-induced LH release 
(Li & Wagner, 1983) . Injection of ACTH also reduced LH pulse 
frequency in suckled and nonsuckled postpartum beef cows 
(Dxinlap et al., 1981) . 
Chronic infusion of ACTH in cyclic heifers caused a 
decrease in P4 secretion during the luteal phase (da Rosa & 
Wagner, 1981). Intramuscular injections of ACTH increased 
plasma P4 levels in ovariectomized heifers, thus suggesting 
that ACTH may induce P4 release from the adrenal cortex 
(Wagner et al., 1972). 
In a recent review, Dobson & Smith (1995) concluded that, 
in iruminants and other farm animals, stressors seem to exert a 
greater suppressive effect on gonadotropin secretion during 
the periods in which the neuroendocrine regulation of the 
reproductive axis is more critical or unstable. These 
circiimstances take place during the anestrus postpartum, 
immediately before the preovulatory LH surge in cyclic 
animals, or in the absence of steroid inhibitory feedback in 
ovariectomized animals. Transport of the animals under study 
has been widely used as an experimental stressor. Transport 
delayed the onset of the E2-induced LH surge in cows if the 
application of this stressor started within hours of the onset 
of the surge, and the stressor-suppressed LH secretion could 
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not be prevented with prior naloxone treatment (Nanda et al., 
1989) . The LH response to exogenously administered GnRH was 
reduced within 15 minutes of the start of transport in cows 
(Dobson, 1987). 
Postpartum reproduction in the cow may also be affected 
by the characteristics of the calf, with an increased interval 
to first estrus postpartxam being associated with larger, 
faster-growing calves or calves consiaming more milk (Bellows 
et al., 1982) . 
Although artificially induced, another external factor 
that has been reported to affect the length of the postpartum 
anestrous period is uterine manipulation. In studies with 
Brahman-based cows (Tolleson & Randel, 1988; Wann & Randel, 
1990) , transrectal uterine palpation or a PGF2a-analog 
injection around PPD 30-40 shortened the postpartxxm interval 
to estrus in the multiparous but not in the primiparous cows. 
Also, the uterine manipulation increased the PGFM release only 
in the multiparous animals. 
Excluding dystocia or other pathological conditions, the 
last factors to be considered in this review regarding 
postpartiam period length in the cow are not external but 
inherent to the characteristics of the animals, such as breed, 
age and parity (see Short et al., 1990). It seems that the 
postpartiom anestrous period is generally longer in dairy than 
in beef cows when both are suckled, specially if they are 
managed in the same conditions. Differences have also been 
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reported between beef breeds, wich a more pronounced effect ac. 
lower feeding intakes (Bellows & Short, 1978). The effects of 
age and parity, which are generally associated, on the 
postpartiom inteirval to estrus are due mostly to the difference 
between 2-year old and older dams, with young cows generally 
having a longer interval than older, multiparous cows, 
although some authors found no effect of age and parity on 
postpartum ovarian activity (see Short et al., 1990; and El-
Din Zain et al., 1995). 
99 
STATEMENT OF THE PROBLEM 
Because of their progressively evolved rusticity 
throughout centuries, the Retinta beef cattle breed has the 
advantage of being well adapted to the often harsh 
environmental conditions of the dehesa. However, probably 
arising from the same adaptive process, the reproductive 
efficiency of this breed is far from what is considered as 
profitable in modem livestock production systems. In 
addition, the techniques of estrous induction and 
synchronization tried so far have not had positive practical 
results, as it is relatively well known from the 
practitioners' experience and the few scientific reports 
published about the reproduction of this breed (Alonso de 
Miguel et al., 1980; Jimenez et al., 1990 & 1994). 
The Retinta' s low reproductive performance is mainly 
manifested through a typical prolongation of the calving 
interval. In general, an excessively prolonged calving 
interval can result in a dramatic decrease in the number of 
calves produced per herd per year. In extensive beef 
production systems, breeding seasons should be distributed 
throughout the year so that calves are always raised during 
periods of maximal pasture availability. In these extensive 
systems, in addition, it is very likely that cows having 
prolonged postpartum anestrous periods are not serviced by the 
bulls because these are withdrawn from the cow paddocks before 
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they come in estrus at the end of the normal breeding season. 
On the other hand, keeping the sires with the cows for 
additional periods of time would indirectly cause an excessive 
spread of the calving seasons and this would prevent the 
correct use of the seasonal pasture growth. Thus, if the 
calving interval could be shortened in the Retinta cows, it 
would result in an increased annual production of calves. 
Moreover, if the postpartum inteirval to conception was 
shortened to a length approaching 3 months and hence the 
calving interval approached 12 months, there would be a better 
chance of synchrony between the Retinta's calving cycles and 
the seasonal variations in pasture growth. To fully benefit 
from the adaptive characteristics of Retinta cattle, the 
shortening of the calving interval should be achieved without 
increasing feeding costs. Othejrwise, Retinta producers would 
lose their current economical advantage of producing beef with 
low investment. 
Improving the Retinta's productive characteristics will 
aid in the preservation of this breed and, hence, help in the 
preservation of the dehesa, resulting, thus, in obvious 
ecological implications. Dehesas not only provide cork, 
cattle, pigs, sheep and goats, but also constitute, in 
combination with their associated mediterranean forests, the 
breeding and wintering habitat of an invaluable faxina composed 
of indigenous wildlife and migratory species from Northern 
Europe or Africa. 
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From, the above described reasons, it is indisputable thac 
the reproductive physiology of this breed should be studied, 
not only because of the possible future practical applications 
towards the improvement of the Retinta's reproductive 
performance in the conditions of the dehesa, but also to 
advance in the still poorly understood physiology of the 
reproduction of rustic beef breeds in general. In this 
regard, the Service of Agricultural Research {Servicio de 
Investigacion Agraria; SIA) of Extremadura is implementing a 
long-term plan for the genetic and reproductive improvement of 
Retinta beef cattle. As a part of that plan, the SIA is 
interested in researching the possibility of reducing the 
calving interval, and therefore it is financing the present 
study which constitutes the research body of this PhD 
dissertation. 
Thus, the present study intends to impact the most 
obvious and immediate problems related to the reproduction of 
the Retinta breed. Consequently, this study aims towards the 
shortening of the prolonged calving inter-val of the Retinta 
cow and furthering knowledge about its postpartum physiology. 
More specifically, the objectives of this research are to 
characterize the ovarian activity and the response to estrous 
induction treatments in postpartum Retinta cows undergoing 
feeding restriction as it frequently happens in the dehesa. 
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OBJECTIVES 
a) To characterize the ovarian activity in lactating 
Retinta cows during the postpartum period under a restricted 
diet. This diet was imposed to mimic the frequently low 
pasture availability in the extensive conditions in which this 
breed is usually raised. 
b) To determine whether a Synchromate-B type of 
treatment for estmis induction/synchronization, with temporary 
calf withdrawal (a novel technique for Retinta cows), would 
hasten the occurrence of the first fertile postpartum estrus. 
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MA.TERXALS AND METHODS 
1. Animals and management 
A. Animals 
Forty postpartum, primiparous and multiparous Retinta 
cows, which were healthy and had not had any known 
reproductive disorder, were chosen by calving date for this 
study from a herd of 110 cows, which was raised in a dehesa 
grassland ranch (named Valdesequera.) with an extensive, free-
ranging type of management, as usual for this breed. The mean 
(± SE) age of the 40 cows was 4.6±0.3 years. Twenty-five of 
these cows were 2-4 years old, 8 were 5-6 year old, and 7 were 
7-8 year old. Out of the 40 cows, 25 were primiparous and 15 
were multiparous. The mean {± SE) body weight of these 40 
cows at the beginning of the experiment was 510±11 kg. The 
dehesa ranch of Valdesequera is located on central-northern 
Badajoz {SW Spain, =38°N). The mediterranean climate of this 
region was described in the Literature Review section of this 
Dissertation. Postpartum cows were maintained in a separated 
paddock of that ranch and given 2 kg/cow of commercial 
concentrate (Vaquinanta B19, COEXNA, Spain) in group feeding 
as a supplement of the grazing. This concentrate had 3 600 
cal/kg. of net energy, 19.8% crude protein, 2.5% crude fat, and 
vitamins A (5000 lU/kg), D3 (1000 lU/kg) and E (2.3 ppm). 
Approximately on their 30th postpartum day (PPD) , 40 
Retinta cows that calved within a 42-day interval were 
104 
transported with their calves in several shipment groups from 
the Valdesequera dehesa to the corrals of an open-fronted 
feedlot facility at the SIA (Service of Agricultural Research) 
research farm named La. Orden, located =30 Km away from that 
dehesa. The feedlot consisted of a central, east-west 
running, roofed corridor approximately 50 m long, furnished 
with feeders on its margins and communicated with 10 lateral 
corrals, 5 facing North and 5 facing South. Each corral 
measured approximately 30x12 m and was connected by gates with 
the adj acent corral (s) , and the 4 corrals at the comers had 
also access to 2 east-facing and 2 west-facing supplementa2ry 
fenced areas of =400 to 1800 m^ each. 
The 40 cows used in the study had calved from January 8th 
to February 18th of 1994. Half of these animals (here 
designated as "early calving cows") had calved from January 
8th to Januairy 23rd (16-day period) . The remaining 20 cows 
("late calving cows") had calved from January 24th to February 
18th (26-day period). Cows were transported to the feedlot in 
4 shipment groups of 10 cows each: The 1st group (cows in 
their 32-45th PPD) arrived on February 21st; the 2nd group 
(31-35 PPD cows) arrived one day later; the 3rd group (23-24 
PPD cows) arrived on FebruaiiY 28th; and the 4th group (22-31 
PPD cows) was transported on March 11th. The cows stayed in 
La Orden feedlot from approximately the 30th PPD (February-
March of 1994) until pregnancy was confirmed via rectal 
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palpation or until the end of the experiment, being returned 
to the Valdesequera dehesa in September-October of 1994. 
Two intact, 22-month old bulls of the Retinta breed were 
assigned to the experiment and arrived in the facilities on 
February 25th. Despite the expected behavioral problems 
associated with bulls of this breed, it was decided to use 
them, instead of bulls of a tamer breed, for estrous detection 
and mating purposes in this study. This was expected to 
provide novel information about sexual behavior of male to 
female interactions in Retinta cattle. The breeding soundness 
of these two bulls was assessed by examining the quality of 
semen collected by electroejaculation. Both bulls were found 
to have acceptable semen characteristics, with a concentration 
of =450 X 10® speinnatozoa/ml and =80% motile spermatozoa. 
B. Facility adaptations 
To facilitate frequent and adequate blood sampling for 
hormonal analyses despite the wild temperament of Retinta 
cattle, we installed 20 selfcapturing stanchions, which were 
specially designed and built for this study. These stanchions 
were suitable for long horned cattle and were attached in 4 
groups of 5 stanchions each to part of the feeders of the 4 
corrals cornering the feedlot, so that the cows could be 
attracted to the feed and get restrained for blood sampling or 
other procedures. The trapped cows could be released 
individually or in groups of five, and the capture of the 
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animals could be arranged so that they could remain restrained 
and eating, and hence calm, until blood sampling if the 
venipuncture was not perfozined immediately after being 
restrained. These precautions were taken to minimize the 
possibility of adrenal progesterone (P4) release resulting 
from the stress associated with restraint before blood samples 
were obtained. Adrenal P4 release has been detected in cows 
treated with the stress mediator ACTH (Wagner et al., 1972) . 
Thus, the presence of extra-ovarian P4 in blood samples is 
possible when using chutes or similar immobilization devices 
to collect blood from wild-tempered cattle, and this 
phenomenon could confound the data on ovarian P4. 
Four sections of the feeding areas were provided with 
horizontal bars (80-100 cm lower clearance) to prevent the 
cows from accessing the feeders. These 4 areas were, thus, 
used as calf feeders. Feed was provided to calf feeders in 
sufficient, increasing amoiints to prevent the calves from 
using the cow feeders and cow stanchions. 
An additional system of fences and gates was also 
installed to facilitate the daily movement of two untied 
teaser bulls of Retinta breed between the bull boxes and the 
cow feedlot. Due to the aggressive nature of these bulls, 
which were very prone to male to male fighting, they had to be 
separated by at least one closed corral while staying in the 
cow feedlot. 
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C. Cow training and behavior 
As soon as each cow shipment arrived in the feedlot, we 
started training these cows to use the selfcapturing 
stanchions. This training was hampered by the social 
hierarchy established among the cows in the feedlot, based on 
their aggressiveness with each other. Some of the animals 
were specially reluctant to use these devices, and only used 
them when no cows higher in the social hierarchy were nearby. 
A few cows even waited until no human was at sight before 
using the stanchions. Thus, for some of these cows the 
training lasted for the duration of the whole experiment. 
This aggressive behavior and social ranking among the cows 
also caused problems for group feeding. Therefore, from the 
beginning of the experiment the 40 cows were separated into 4 
groups of =10 cows each according to their perceived rank. 
The individuals in these groups were continuously interchanged 
until an acceptable combination was found which maximized the 
regular access to feeders and stanchion-associated feeders for 
even the lowest ranking cows of each group. One constraint, 
however, was that cows could not be separated into more than 4 
groups, because there were only 20 stanchions arranged in 4 
stanchion groups. Cows needed free daily access to the 
stanchions to keep an adequate training level of stanchion 
use. 
The arrangement of the 40 cows into these 4 groups 
allowed for the classification of the cows into social ranks 
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within each group on the basis of their feeding order. The 
social hierarchy was specially evident when the cows were 
attracted to the feeder stanchions with high quality 
concentrate feedstuffs. This procedure was utilized as a 
behavioral test and constituted the main criterion for the 
estimation of the social ranking of each cow in a group. 
Initially, the corrals of the two (North and South) lots were 
separated into 2 sxib-lots each. These 4 sub-lots were, listed 
in decreasing order of social hierarchy of the cows held in 
each, the North-east, North-west, South-west, and South-east 
sub-lots. Later in the study, on May 14th, the cows within 
each lot were allowed to mix in order to improve the estrous 
detection protocol, as explained below. Thus, after joining 
the sub-lots within each lot, cows could compete for food 
within their lot (North or South). For statistical purposes, 
the 40 cows were classified into only 2 groups, i.e. dominant 
and subordinate cows, according to their assigned sub-lot 
before the time of sub-lot intermixing. That is, cows coming 
from the North-east and South-west sub-lots were considered as 
dominant, whereas those coming from the North-west and South­
east sub-lots were considered as subordinate cows for 
statistical purposes. 
D. Nutrition 
The feed rations were periodically adjusted until a 
feeding level was established which provided sufficient feed 
North 
NW NE 
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Figure 1. Scheme of cow corrals and associated facilities. 1: supplementary fenced 
area. 2: selfcapturing stanchions. 3; calf feeding area. 4; feeder trough. 
5: central corridor. See text for explanation. 
to maintain the largest possible niimber of cows in each group 
with a Body Condition Score (BCS) of 3-4. At the same time, 
however, the rations were kept at a low enough level to 
minimize the number of cows reaching BCS 5 or 6. Since some 
of the thinnest cows failed to maintain a BCS of 3-4, they had 
to be fed separately for variable periods of time when their 
BCS dropped below 3. The definitive diet was first set (March 
14) at 1/4 bale of hay (=5 kg) + 1 kg dehydrated alfalfa 
pellets + 1 kg concentrate per cow. 
On May 6th, the cow diet had to be increased because the 
BCS of the thinner cows was decreasing, perhaps because of the 
greater size of the calves and their persistency in the 
suckling activity. On this date, half of the cows (early 
calving cows) had already reached or surpassed the 90th PPD. 
The diet was changed to 1/3 bale (=7 kg) of hay, 1.5 kg 
alfalfa pellets and 1.5 kg concentrate per cow. 
The calf feeding system worked satisfactorily until July, 
when the calves started competing with the cows for feed. 
From that time on, the management, but not the cow diet, had 
to be modified: the calves were feed the concentrate and some 
hay before feeding the cows each day. 
Later on, as the weaning date was approached, keeping the 
calves away from the cow feeding areas became more difficult 
due to the calves' increasing size and mobility, and hence the 
BCS of the thinner cows started dropping again. Thus, in 
order to give more cows more chances for pregnancy, the diet 
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was increased again on August 17 (around the time of weaning) 
to 1/2 bale of hay (=10 kg) -i- 2 kg alfalfa pellets + 2 kg 
concentrate per cow. 
E. Randomization 
Cows were randomized in a stratified manner according to 
age-parity (yoxinger, primiparous cows vs older or multiparous 
cows), giving 2 groups which were further divided by date of 
last parturition ("early calving cows" vs "late calving cows" 
as defined before) . These groups were further divided by body 
weight within each group. This partitioning gave, thus, 2^ = 8 
groups, from which the cows were randomly assigned to either 
the Treated or the Control Group. Thus, these 8 groups were 
considered as the blocks of a randomized block design. There 
were 2 categories for age-parity, 2 categories for calving 
date, and 2 categories for body weight. The numbers of cows 
belonging to each of these 6 categories were equally 
distributed between the Control and Treated groups. 
2. Treatment groups 
The 20 Treated cows were given the progestin Norgestomet 
(NG) as an ear implant (3 mg NG) and an IM injection of 3 mg 
NG + 5 mg estradiol valerate on PPD 90±2 (Crestar, Intervet-
Espana, Salamanca, Spain) . The ear implant was removed 9 days 
after implantation. Calves were kept separated from the 
Treated cows for 48 h after implant removal. Bulls remained 
with Treated cows continuously for 2 days after calf return. 
The 20 Control cows were managed as for the Treated cows, 
except that no implant or injection was administered and their 
calves were not removed. Estrus of Control and Treated cows 
was checked daily with the two bulls as described below. 
3. Monitoring emd conqplementary procedtires 
A. Blood sampling 
Blood samples were obtained by puncturing the median 
caudal vessels on the ventral side of the tail and collecting 
the blood into heparinized vacuum tubes (Vacutainer, Becton-
Dickinson, Rutherford, NJ). Blood sampling was performed 
using the selfcapturing stanchions. However, on the few 
occasions that a chute had to be used during blood collection 
due to a cow's refusal to enter the selfcapturing stanchions, 
it was recorded. Blood samples were placed on ice immediately 
after collection and then were centrifuged to separate the 
plasma, which was stored frozen (-20°C) until hormonal assay. 
Starting on PPD 47-54, Control and Treated cows were bled 
once every 7 days (on Wednesdays) . A period of more frequent 
blood sampling started when Treated cows reached the PPD 90±2 
(NG implantation day; Dl) and Control cows reached the PPD 87-
94: Treated cows were bled on Dl, D4, D7, and D9 during the 
9-day progestin implantation period. Control cows were bled 
following a similar schedule in which Dl was PPD 87-94, 
keeping the same sequence and frequency of sampling during the 
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corresponding 9-day period. Daily blood samples were then 
obtained from Control and Treated cows from DIO through D16, 
coinciding this latter day with the 7th day after implant 
removal in Treated cows. 
Seven days after the end of the daily collection period, 
the weekly blood collection schedule was resumed for each 
Control and Treated cow. The above described "frequent 
sampling period" took place at different calendar times 
depending on the date of prior calving of each particular cow. 
Thus, this period overlapped among individual cows so that 
from April 6 to June 7, in addition to the "regular" weekly 
samples taken on Wednesdays, "frequent" samples were taken 
every day from several (usually 10-20) cows. Blood collection 
was continued in a weekly basis (every Wednesday) for each 
cow, regardless of weaning date or pregnancy status, until it 
was returned to the dehesa. 
For statistical puirposes, only data from weekly blood 
samples were included in the analyses. Thus, for the 3-week 
long, frequent sampling period (6th-7th to 9th-10th sampling 
weeks), during which time blood samples were collected at 1 to 
3 day intervals, the samples taken on Wednesdays were chosen 
for statistical analysis. To follow a consistent criterion 
for keeping a 6-8 day statistical sampling frequency for this 
frequent sampling period, whenever a Wednesday-collected 
sample was not present, a Tuesday- or Thursday-collected 
sample was chosen, in that order of preference. 
Control cows (20) 
PPD 50 
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(PPW8) 
90 
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1 10 16 PPSW29 
(PPW36) 
Treated cows (20) 
PPD 50 90 TCR 
W :u II. w 
PPSWl 
(PPW8) 
1 10 16 
II 11 I 
• 
Frequent blood sampling period (day 1-16); grey rectangles; blood sampling days. 
9-day progestagen implantation period 
PPSW29 
(PPW36) 
Figure 2. Scheme of experimental design. PPD; postpartum day. PPW: postpartum week. 
PPSW; postpartum sampling week. W: weekly blood sampling. TCR: temporary calf 
removal. See text for explanation. 
B. Calf management 
Calves had to be kept indoors and far away from their 
dams during the 48 h calf withdrawal period. This was 
necessary due to the marked maternal behavior of Retinta cows, 
which was manifested in this experiment by frequent 
vocalizations of the dams dxiring this period. As soon as this 
problem was noticed (during the temporary weaning of the first 
2 cows) , calves were moved to a well closed barn =400 m away 
from the cow corrals, so that the bellowing activity of the 
dams was markedly reduced, although it was still more intense 
than before the temporary calf removal. Since calves were 
kept in this distant, closed bam, their calling activity was 
minimized, and their occasional calls could not be heard from 
the cow corrals. 
Calves were weaned at 7-7.5 months of age (PPD 207 to 
222), from August 17 to September 12. Weaning at that time 
was advisable because it became increasingly difficult to keep 
the calves away from the cows' feed. In addition, the normal 
weaning for this breed is at 5 to 8 months. In contrast to 
the competitive behavior observed in the cows, there were no 
signs of competition for food among the calves. 
C. Estrus detection 
Estrous occurrence was monitored by using 2 intact bulls 
of the Retinta breed and observing their behavior when 
interacting with the cows. At the beginning, the bulls were 
walked through the 4-6 groups of cow corrals during at least 
1-2 h in the morning and then were returned to their 
individual boxes. The only exception was that bulls were 
allowed to continuously remain with Treated cows for 2 days 
after calf return. However, it soon seemed evident that the 
courtship behavior of these cattle was not being met by this 
controlled morning heat-checking and, thus, starting on May 
14, the 2 bulls were allowed to remain with the cows for the 
rest of the experiment. At this time, half of the Treated 
cows had already undergone the treatment, none of the Control 
cows had yet shown any sign of estirus, and the "late calving 
cows" just started approaching the 90th PPD. Thus, one bull 
was assigned to the north corrals and another to the south 
corrals, and the 4 groups of cows were allowed to mix into 
only 2 groups, i. e., North lot and South lot. Even though 
during the first 3 months of the study the prior estrous 
detection protocol seemed inefficient, it was realized later 
on, when several cows began to show estrus, that the bulls 
signaled the approaching proestrus or estrus of the cows with 
a characteristic guarding behavior at any time of the day. 
This peculiarity was useful for predicting estrous occurrence 
in some instances, although some other times the guarded cows 
did not come into estrus at the end of the guarding period. 
Therefore, it seems plausible that if any cow had come into 
estirus when the prior estrous detection protocol was followed, 
the bulls would have signaled it with guarding behavior. 
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With the new, two-lot arrangement, the daily observation 
for sexual behavior and heat detection was conducted from 7 to 
9 AM and then periodically during the facility's remaining 
operating hours until at least 2 PM. Due to logistical 
reasons, evening observations for estrous detection was not 
available until later on in the study, being carried out 
during the months of July and August. The horns were painted 
to facilitate the identification of individual cows under low 
light conditions. Marking harnesses for bulls or mount-
detector pads for cows were not available at that time. Other 
techniques were, thus, used to aid in the estrous detection: 
a) Regular, close observation of fresh or dry mucus near the 
perineal area of cows, b) Cow tailpaint technique (modified 
from Macmillan et al. (1988) was utilized as an extra aid from 
August to the end of the experiment. 
D. Weighing 
Cows were weighed at least 5 times, on the following 
dates: March 25 or 28, June 13, August 2, August 22, and 
September 13 or 23. After this 5th weighing, 11 cows were 
diagnosed as pregnant and therefore sent back to the dehesa. 
The remaining cows were weighed for the sixth time on October 
17-18. 
From the beginning of the experiment, it became obvious 
that forceful maneuvers like weighing and rectal palpation of 
cows had to be limited as much as possible due to the wild 
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temperament of this breed. The more we disturbed the cows, 
the more difficult they were to manage. They were also very 
prone to accidents when using the chute for administration or 
withdrawal of progestin implants. In addition, an excessive 
stress level could drastically bias the planned 
characterization of the ovarian activity (see Dobson & Smith, 
1995) . Thus, cow weighing was avoided mainly during April and 
May, which corresponded approximately to PPD 90 to 110 for 
most of the cows, when the frequent blood sampling and 
hormonal treatments took place. 
Calves were weighed at birth and 4 more times: on March 
25 or 28, on June 13, on July 25, and at weaning {August 17 or 
25, or September 2, 6 or 12). 
E. Bodv condition scoring 
The cows' BCS was periodically monitored, at least 
month and on weighing days, and whenever the BCS of any 
dropped below BCS 3 they were kept and fed apart until 
recovery in one or more closed corrals, which the bulls 
visited daily for estrous detection. BCS was estimated 
to 9 scale (3-thin; 4-borderline; 5-moderate) (Richards 
al., 1986) . 
F. Transrectal palpation 
A representative set of 6 Control and 10 Treated cows was 
explored by rectal palpation for complementary information on 
once a 
cow(s) 
in a 1 
et 
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ovarian activity around PPD 90 (time of NG implantation for 
Treated cows) . Rectal palpation was also performed later on 
to confirm pregnancy shortly before cows were sent back to the 
dehesa. As a complement for estrous detection and rectal 
palpation, quantitative ELISA kits for progesterone (P4) assay 
(Biomeriexix, France) were used to gather extra information on 
cyclicity or pregnancy, starting in August. 
G. Additional information 
Cow size measurements (hip height and body length) were 
done and pictures of the cows were taken around weaning time, 
from September 12 to September 27. The pictures were taken as 
a complement of the body measurements taken and to have 
objective references for BCS. In addition, feces were sampled 
for parasitological analyses around PPD 90 (16 cows) and 
around the end of the experiment (all cows). These analyses 
were performed by the SIA Prasitology unit, and the results 
were within the normal range. Further, samples of hay and 
feedstuffs were taken any time a new feed batch was acquired. 
These samples were analyzed for nutrient content by the 
Regional Agriculture Lab of Caceres (Spain). The net energy 
and crude protein content of the alfalfa pellets and hay were, 
respectively, =3600 and =3700 cal/kg, and =16 and =5%. 
Finally, SIA records of daily weather information were also 
gathered . 
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4. Hormonal determinations 
A. Progesterone assay 
Blood plasma P4 concentrations were determined by 
radioimmvinoassay (RIA) as previously described by Christenson 
et al. (1992). Briefly, 50:200 or 200:50 plasma:H20 dilutions 
of 250 jil were extracted by using a 1:2 benzene:hexane mixture 
and freezing of the resultant aqueous fraction. The mean 
(±SE) recovery rate for all (7) assays was 91.0+0.6%. The 
extracted samples were assayed with the progesterone antibody 
#GDN-337 (G. D. Niswender, CSU, Colorado) and ^ H-P4 tracer. 
The antibody-bound and free fractions were separated by using 
dextran-coated charcoal, centrifugation, and sxibsequent 
aspiration of the superaatant. The assay sensitivity, defined 
as the amount of P4 that yielded 95% of total counts/minute in 
the buffer control txibes was 0.05 ng/ml. Pooled samples 
{high-P4 cow plasma, low-P4 ovariectomized cow plasma, and 
Retinta cow plasma tubes) and H20-blank tiibes were included as 
controls in each assay. Intra- and inter-assay variability 
was determined from replicates of the high-P4 pool. The 
resulting P4 concentration (mean ± SE) was 7.0±0.2 ng/ml, and 
the intra- and inter-assay coefficients of variation were 9.2% 
and 14.3%, respectively. 
B. Estrogen assay 
Blood plasma 17-|3-estradiol (E2) concentrations were 
determined by RIA as previously described by Biensen et al. 
(1996) . Briefly, plasma:H20 dilutions of 1000 }il at a racio 
of 50:950 or 200:800 were double-extracted by adding benzene, 
centrifugating, and separating the resultant supematants 
twice. The mean (±SE) recovery rate for all (9) assays was 
91.4±0.6%. The extracted samples were assayed with the 
estrogen antibody Lily #03 0073 (courtesy from J. J. Ford, 
USDA-ARS, Nebraska) and ^H-17-P-Estradiol tracer. The 
antibody-bound and free fractions were separated by using 
dextran-coated charcoal, centrifugation, and siibsequent 
aspiration of the supernatant. The assay sensitivity, defined 
as the amoxint of E2 that yielded 95% of total counts/minute in 
the buffer control tubes was 2 pg/ml. Pooled samples (high-E2 
cow plasma, low-E2 ovariectomized cow plasma, and Retinta cow 
plasma txibes) and H20-blank tubes were included as controls in 
each assay. Intra- and inter-assay variability was deterrained 
from replicates of the high-E2 pool. The resulting E2 
concentration (mean ± SE) was 345.3±8.8 pg/ml, and the intra-
and inter-assay coefficients of variation were 7.2% and 13.0%, 
respectively. 
5. Statistical Analyses 
a) Chi square analysis (FREQ procedure; SAS, 1985) was 
used to determine the treatment effect at 2 time periods (at 
weaning and at the end of the experiment) on two dependent, 
categorical variables: conception rate (pregnant versus 
nonpregnant cows), and estrous occurrence (cows showing estrus 
at least once versus continuously anestrous cows). Whenever 
there was a lack of treatment effect, a similar analysis was 
done to test for differences between high and low BCS cows or 
high and low BW cows for that variable. 
b) The General Linear Models (GLM) procedure of SAS was 
used in a randomized block design (RBD) to analyze the effect 
of treatment on two continuous dependent variables: 1) time 
elapsed from parturition to first estrus or conception, for 
the cows resuming cyclicity, and 2) "time cyclic" and "time 
pregnant" at the end of the experimental period for all cows 
(either post-estrous, pregnant, or continuously anestrous 
animals). The RBD model's sources of variation were 
"treatment", "block", "treatment*block", and the error teim 
"cow(treatment^block) " . Cows were randomly assigned to 
treatments according to age-parity, calving date, and BW. If 
there was a lack of treatment effect on any of the above 
mentioned dependent variables, a complete randomized design 
(CRD) was used to evaluate the influence of BCS level (high 
and low) as the "main effect" for that variable. A similar 
CRD was used to compare the mean BCS (now as the dependent 
variable) between the group of cows that were pregnant and the 
group that remained as non-pregnant when reaching either the 
weaning week or the end of the experiment. 
c) Correlation and regression analyses (CORR and REG 
procedures of SAS) were used to describe the relationship 
between BCS and the ratio of BW to hip height (BW/H) in order 
to evaluate the relevance of the subjeccive esciaaation of body 
condition for assessing the nutritional status of the cows in 
this study. To further characterize this relationship, 
additional correlations and partial correlations were 
calculated among BCS, BW/H, and other variables that seemed 
related after preliminary analyses, namely BW, hip height and 
cow age. 
In addition, a GLM analysis for a CRD was used to analyze 
the effect of BW level (high versus low) on mean BCS 
(dependent variable). The initial BW/H ratio was either 
included, as a covariate, or excluded to evaluate its 
influence on BCS. The same analyses were repeated using hip 
height or body length as covariates. A GLM-CRD analysis was 
also done to compare high- versus low-BCS cows with respect to 
the BW gain of their calves. 
d) A two-way GLM analysis was used as a CRD-based split-
plot for repeated measures in time (Snedecor and Cochran, 
1989) to determine the effect of treatment, week, and 
week*treatment interaction on the mean cxxmulative plasma P4 
release for the cows that became pregnant. This dependent 
variable was calculated for each cow and week as the sum of 
the plasma P4 concentration in a given weekly sample and the 
previous weekly samples divided by the number of samples. 
Treatment was tested against "cow(treatment)" (error A), and 
week and week*treatment were tested with the general error 
"week*cow(treatment)" (error B) with an F test and using 
conservative degrees of freedom. The F test for the 
interaction was used to determine whether the rate of change 
of the dependent variable over time was different between the 
2 groups. If there was no treatment effect on the above 
mentioned dependent variable, a similar analysis was used to 
determine the differences in mean cumulative P4 release over 
time between the 2 BCS levels (high and low) of these pregnant 
cows. 
e) A similar GLM split-plot analysis for repeated 
measures in time was used to compare the changes in BCS 
(dependent variable) over time between the conceiving group 
and non-conceiving group of cows, and, likewise, to compare 
cows that cycled versus continuously acyclic cows. 
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RESni.TS 
1. Effect of treatment on the onset of postpairtum cyclicity 
The estrous induction/synchronization treatment resulted 
in only 1 animal (cow # 073, PPD 103, Figure 16) showing overt 
estrus. This animal was mounted 2 days after calf and 
progestagen implant withdrawal, although she did not conceive 
to that mating. However, according to the P4 and E2 profiles 
(Figures 3 through 23), a luteal phase was apparently induced 
sixbsequently to treatment in 3 more cows. Two of these cows 
(# 805, Figure 20; # 649, Figure 23) had a fertile estrus 
after that luteal phase, whereas the other cow (#116, Figure 
17) was not detected in estrus after that luteal phase. 
The 20 Treated cows showed varied degrees of estrous 
signs or behavior within 2 days after implant withdrawal, 
including vaginal mucous discharge and bull arousal with 
mounting attempts, but actual copulation at that post-
treatment time was only observed for cow # 073. Vaginal 
mucous discharge was also obseirved in at least 8 Treated cows 
during the second half of the progestagen implantation period. 
None of the 40 cows showed homosexual estrous behavior at any 
time, except for the above mentioned cow # 073 at her first, 
induced estrus. 
Only data from 39 cows were statistically analyzed, 
because one of the Treated cows (# 733) died on her 29th 
postpartum week (PPW) due to a chronic traximatic reticulo-
12 6 
pericarditis caused by a swallowed wire. Another Treated cow 
(# 166) was found dead on PPW 33, trapped inside a feeder 
trough in a dorsal recumbent position, apparently after being 
butted by a herdmate. However, this cow provided analyzable 
data and conceived 6 weeks before her death. 
Data collected after PPW 3 6 were not included in the 
statistical analyses because PPW 37 was the earliest time at 
which nonpregnant cows were transported back to the dehesa. 
Thirty-nine cows were weaned on PPW 29-33. Those cows 
that still were nonpregnant at weaning had an additional 2-6 
week period until the PPW 36, during which period some of them 
conceived. Only 24 out of the 39 cows became pregnant within 
the 36 PPW time frame. Sixteen of the 24 cows conceived by 
the weaning week. Eight more cows became pregnant after 
weaning. Out of these 8 animals, 4 cows (2 Control and 2 
Treated) had a fertile estrus on the first post-weaning week. 
Out of the remaining 4 conceiving animals, one cow (Treated) 
showed pro-estrous signs 2 weeks before weaning and came into 
estrus on PPW 32, during her second post-weaning week. No 
pro-estrous or estrous activity was detected for the remaining 
3 conceiving cows (1 Control and 2 Treated) until they came in 
estrus 2-5 weeks after weaning, on their 33-35 PPW. These 3 
cows calved 276 to 280 days post-estrus. Except for the 
latter 3 cows, estrous detection data and hormonal profiles of 
conceiving cows are depicted in Figures 3 through 23. 
Figure 3. Progesterone and estradiol profiles of cow # 128. Postpartum day 54 = 1st 
postpartum sampling week = 2-March. 
Abbreviations and label meaning for Figures 3 through 24; 
S: signs of approaching estrous activity (estrus-related behavior but not overt 
estrus). For simplicity reasons, this label is not used in all cases. 
m: mount attempt(s): bull mounted (or jumped trying to mount) the cow, but no 
copulation was observed. 
m?: probable mount (post-mounting signs were detected afterwards by using the tail-
paint technique). 
M?: probable mating (post-copulatory signs were detected afterwards). 
M: mating: actual copulation was observed. 
Solid black bar: 16-day frequent blood sampling period (common to all cows in the 
study). 
Hatched bar: 9-day progestagen implantation period (only in Treated cows); implant and 
calf were withdrawn the same day. 
Grey bar: estimated conception week. 
Hollow bar: weaning week. 
R: special restraining (e.g. chute) used for blood collection, either on the 1st or 2nd 
collection day, or on the 1st and last day of the progestagen implantation period for 
Treated cows. For simplicity reasons, this label is not used in all cases. 
Diamond-shaped markers in progesterone profiles in Figures 1 through 21: hollow markers 
represent weekly samples included in statistical analyses; solid markers represent 
samples not included in statistical analyses. 
A magnified graph insert depicting the hormonal profiles during the frequent blood 
sampling period has been added to some of the figures when needed for easier 
visualization. 
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Figure 4. Progesterone and estradiol profiles of cow # 021. Postpartum day 50 = 1st 
postpartum sampling week = 2-March. See Figure 3 for abbreviations and label meaning 
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Figure 5. Progesterone and estradiol profiles of cow # 032a. Postpartum day 48 = 1st 
postpartum sampling week = 2-March. See Figure 3 for abbreviations and label meaning. 
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Figure 6. Progesterone and estradiol profiles of cow # 647. Postpartum day 48 = 1st 
postpartum sampling week = 2-March. See Figure 3 for abbreviations and label meaning 
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Figure 7. Progesterone and estradiol profiles of cow # 038. Postpartum day 49 = 1st 
postpartum sampling week = 9-March. See Figure 3 for abbreviations and label meaning. 
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Figure 8. Progesterone and estradiol profiles of cow # 107. Postpartum day 48 = 1st 
postpartum sampling week = 9-March. See Figure 3 for abbreviations and label meaning. 
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Figure 9. Progesterone and estradiol profiles of cow # 917. Postpartum day 50 = 1st 
postpartum sampling week = 23-March. See Figure 3 for abbreviations and label meaning, 
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e 10. Progesterone and estradiol profiles of cow # 003. Postpartum day 47 = 
artum sampling week = 23-March. See Figure 3 for abbreviations and label mear 
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2 11. Progesterone and estradiol profiles of cow # 032b. Postpartum day 50 -
artum sampling week = 3 0-March. See Figure 3 for abbreviations and label mear 
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Figure 12. Progesterone and estradiol profiles of cow # 506. Postpartum day 52 = 1st 
postpartum sampling week = 6-April. See Figure 3 for abbreviations and label meaning. 
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Figure 13. Progesterone and estradiol profiles of cow # 907. Postpartum day 48 = 1st 
postpartum sampling week = 6-April. See Figure 3 for abbreviations and label meaning. 
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Figure 14. Progesterone and estradiol profiles of cow # 050. Postpartum day 50 = 1st 
postpartum sampling week = 9-March. See Figure 3 for abbreviations and label meaning. 
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Figure 15. Progesterone and estradiol profiles of cow # 135. Postpartum day 50 = 1st 
postpartum sampling week = 9-March. See Figure 3 for abbreviations and label meaning. 
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Figure 16. Progesterone and estradiol profiles of cow # 073. Postpartum day 48 = 1st 
postpartum sampling week = 9-March. See Figure 3 for abbreviations and label meaning. 
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Figure 17. Progesterone and estradiol profiles of cow # 116. Postpartum day 48 = 1st 
postpartum sampling week = 9-March. See Figure 3 for abbreviations and label meaning. 
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Figure 18. Progesterone and estradiol profiles of cow # 638. Postpartum day 48 = IsL 
postpartum sampling week = 9-March. See Figure 3 for abbreviations and label meaning. 
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Figure 19. Progesterone and estradiol profiles of cow # 008. Postpartum day 53 = 1st 
postpartum sampling week = 16-March. See Figure 3 for abbreviations and label meaning. 
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Figure 20. Progesterone and estradiol profiles of cow # 805. Postpartum day 53 = 1st 
postpartum sampling week = 16-March. See Figure 3 for abbreviations and label meaning. 
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Figure 21. Progesterone and estradiol profiles of cow # 032b. Postpartum day 50 = 1st 
postpartum sampling week = 30-March. See Figure 3 for abbreviations and label meaning. 
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Figure 22. Progesterone and estradiol profiles of cow # 001. Postpartum day 49 = 1st 
postpartum sampling week = 30-March. See Figure 3 for abbreviations and label meaning. 
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Figure 23. Progesterone and estradiol profiles of cow # 649. Postpartum day 48 = 1st 
postpartum sampling week = 30-March. See Figure 3 for abbreviations and label meaning. 
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The remaining 15 cows did noc become pregnant. These 
nonpregnant cows showed variable degrees of estrous behavior. 
Two of these cows elicited mounting attempts by the bulls. 
Three other nonpregnant cows showed overt estrus and were 
mounted before weaning (1 cow) or 2-4 weeks after weaning (2 
cows) . The hormonal profiles of a representative anestrous 
cow are depicted in Figure 24. 
Data on estrus and conception occurrence for the 2 
treatment groups are summarized in Table 1. Twenty of the 39 
cows had showed estrus by the weaning week, with no 
significant difference (p=0.26) between control (12/20) and 
treated cows (8/19) . Twenty-seven cows had displayed estrous 
behavior by PPW 36, and again no differences were observed 
(p=0.92) between control (14/20) and treated cows (13/19). 
Sixteen cows became pregnant by the weaning week, with a 
similar (p=0.61) representation of control and treated cows 
(9/20 and 7/19, respectively) . Twenty-four cows became 
pregnant by the 36th PPW, with equal numbers of control and 
treated cows (12/20 and 12/19, respectively). 
For the 27 cows that showed estrus, the interval from 
calving to the first postpartum estrus (Table 1) was not 
different (p=0.96) between treatment groups, with a range of 
16 to 35 weeks and a meantSE of 26±2 weeks for both Control 
(n=14) and Treated (n=13) cows. For the whole Control (n=20) 
and Treated (n=19) groups, the interval from the first 
150 
postpaxtum estrus to PPW 36 was similar (p=0.92), with a 
mean±SE of 8±2 weeks for both groups (Table 1). 
The period lasting from calving to conception (as 
determined by hormonal and behavioral data) ranged from 19 to 
35 weeks and was similar (p=0.67) for both the Control 
(mean±SE, 26±2 weeks, n=12) and Treated (27±2 weeks, n=12) 
groups (Table 1). Both groups reached PPW 36 after being 
pregnant for a similar (p=0.88) time, with a mean±SE of 7±2 
(n=20) and 6±2 (n=19) weeks, respectively (Table 1). 
2. Nutritional status and onset of postpartxim cyclicity 
A. Relationship of body condition score with other body 
measurements 
Cows # 733 and #116 were excluded from the analyses 
involving BCS and mean body condition score (BCS) because they 
died while on the study. Thus, data from 38 cows were 
included in these analyses. There was a high correlation 
(r=0.79, p=0.0001) between the subjectively assessed BCS and 
the objectively measured BW/H obtained from each cow and 
weighing week. The regression line (R^=0.63) characterizing 
the relationship between BCS and BW/H had a positive slope 
(+2.03, p=0.0001), as depicted in Figure 25. For the 
following analysis, the mean BCS obtained from the scores 
taken during the first 5 weighing periods (mSBCS) was 
calculated for each cow. The 6th weighing period was missing 
for 11 cows that were sent back to the dehesa as soon as their 
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Figure 25. Relationship between body condition score and the 
ratio of body weight (BW) to hip height in Retinta cows throughout 
the postpartum period. 
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Table 1. Effect of progestagen treatment on estrus and 
conception occurrence in postpart-um Retinta cows 
End points 
No. cows showing estrus: 
Before weaning 
Before PPW36'' 
Treatment groups^ 
Control 
12/20 
14/20 
Treated 
8/19 
13/19 
Conception rate : 
Before weaning 
Before PPW36 
9/20 
12/20 
7/19 
12/19 
Postpartum interval, in weeks : 
From calving to first estrus 
From calving to conception 
26±2 
(n=14) 
26±2 
(n=12) 
26±2 
(n=13) 
27±2 
(n=12) 
Other intervals, in weeks : 
From first estrus to PPW36 
(including all cows) 
8±2 
(n=20) 
8±2 
(n=19) 
From conception to PPW36 7±2 6±2 
(including all cows) (n=20) (n=19) 
•^o differences between treatmients were found (P> 0.1). Data 
expressed as ratios. ''PPW: postpartum week. The experiment 
ended on PPW36. "^Data for time (weeks) are means ± SE. 
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pregnancies were confinned by transrectal palpation. Th.e 5-
period means for BW (mSBW) and for BW/H (mSBWH) were 
calculated in an analogous manner to mSBCS. There was a 
strong correlation {r=0.81, p=0.0001) between mSBCS and mSBWH. 
Since the correlation between mSBCS and mSBW was also 
strong {r=0.80, p=0.0001), partial correlations with other 
possible factors affecting these two relationships (BCS & 
BW/H; BCS & BW) were calculated. It turned out that the cow 
age ranked within each lot (North or South) was also 
correlated with m5BCS (r=0.70, p=0.0001), even when removing 
their partial correlations with mSBW and hip height. That is, 
the partial correlation between mSBCS and ranked age was still 
significant (r=0.44, p=0.008) when removing these influencing 
factors. Likewise, the partial correlation between mSBCS and 
m5BW was still significant (r=0.58, p=0.0002) when removing 
the partial correlations of the factors hip height and ranked 
age. 
To further evaluate BW/H as an objective index for BCS, 
data from the 38 cows were split into a high- and a low-BW 
level group according to the mean BW changes over time for 
each animal, and the mean BCS averaged from the 4 central 
weighing periods (4xnBCS) , hence excluding the initial BCS, was 
used as the dependent variable. There was a significant 
difference (p=0.0001) between the 2 BW levels in the attained 
body condition {4mBCS), but the difference was removed {p>0.1) 
when either the initial BW/H, body length, or frame size 
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(length x height) were used as a covariate, but not so when 
hip height was used instead (p=0.002). In fact, the 
correlation between BCS and BW/length (r=0.75, p=0.0001) or 
BW/frame (r=0.73, p=0.0001) were almost as high as for BW/H. 
Similarly, the 39 cows (including cow #116) were split 
into a high- and a low-BCS group according to each cow's BCS 
averaged over all weighing periods. Cows with a mean BCS of 
2.0 to 3.5 or 3.6 to 6.0 were considered as low-BCS or high-
BCS cows, respectively. The mean daily calf BW gain was 
different (p=0.008) between the high-BCS (mean±SE; 0.79±0.05 
kg; n=19)) and low-BCS group of dams (0.60±0.05 kg; n=20). 
B. Influence of body condition and related vai—iahles on 
cvclicitv 
Figures 26 through 31 depict the individual changes in 
BCS for the cows that became pregnant during the experimental 
period. Data on estrus and conception occurrence in relation 
to the BCS of cows are summarized in Table 2. High-BCS cows 
had a higher (p<0.01) conception rate and estrous occurrence 
rate (number of cows that had shown estirus) by the cime of 
weaning in comparison with the low-BCS cows. The high-BCS 
group reached a higher (p<0.05) estrous occurrence rate, but a 
similar conception rate (p>0.1), by the 36th PPW (Table 2). 
In contrast to the BCS level, BW level did not affect (p>0.1) 
the estrous occurrence or conception rate attained by the time 
of weaning or by PPW 36. 
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Cows conceiving before weaning. High-BCS group. Part 1 
18 
Experiment week 
Figure 26. Body condition score (BCS) and body weight (BW) 
changes in postpartum Retinta cows that conceived before 
weaning. All cows were weaned between the 26th and 30th 
week of the experiment. 
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Cows conceiving before weaning. High-BCS group. Part 2 
Experiment week 
Figure 27. Body condition score (BCS) and body weight (BW) 
changes in postpartum Retinta cows that conceived before 
weaning. All cows were weaned between the 26th and 30th 
week of the experiment. 
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Cows conceiving before weaning. High-BCS group. Part 3 
6 r 
5 -
CO 
CD ! 4 h 
3 r 
10 14 18 22 26 
115 
110 
I 
5100 K 
CD I 
!s ' 
5 95 
30 34 
I 
o 
S® 90 
85 
80 r 
751-
2 
Cow# 
10 14 18 22 
Experiment week 
26 
-SOS -021 -907 
30 
• 917 
34 
Figure 28. Body condition score (BCS) and body weight (BW) 
changes in postpartiim Retinta cows that conceived before 
weaning. All cows were weaned between the 26th and 30th 
week of the experiment. 
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Figure 29. Body condition score (BCS) and body weight (BW) 
changes in postpartiJin Retinta cows that conceived before 
weaning. All cows were weaned between the 26th and 3 0th 
week of the experiment. 
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Cows conceiving after weaning. High- and low-BCS groups 
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Figure 30. Body condition score (BCS) and body weight (BW) 
changes in postpart\im Retinta cows that conceived after 
weaning. All cows were weaned between the 26th and 3 0th week 
of the experiment. High-BCS group: cow # 008. Low-BCS group: 
cows # 073, 054, 064 and 050. 
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Figure 31. Body condition score (BCS) and body weight (BW) 
changes in postparfum Retinta cows that conceived after 
weaning. All cows were weaned between the 26th and 3 0th 
week of the experiment. 
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Table 2. Influence of body condition score (BCS) on estrus 
and conception occurrence in postpartum Retinta cows 
End points Nutritional-status groups 
No. cows showing estrus: 
Before weaning 
Before PPWae*" 
High-BCS cows 
14/19® 
16/19*= 
Low-BCS cows 
6/20' 
11/20' 
Conception rate : 
Before weaning 
Before PPW36 
13/19® 
14/19 
3/20' 
10/20 
Postpartum interval, in weeks : 
From calving to first estrus 23±1® 
(n=l6) 
30±r 
(n=ll) 
From calving to conception 23±1® 
(n=14) 
32±r 
(n=10) 
Other intervals, in weeks : 
From first estrus to PPW36 
(including all cows) 
From conception to PPW36 
(including all cows) 
12±1® 
(n=19) 
11±1® 
(n=19) 
4±r 
(n=20) 
3±l'^  
(n=20) 
"Ratios or means within a row having a different superscript 
letter differ (p < 0.05). Data expressed as ratios. ''PPW: 
postpartxim week; the experiment ended on PPW36. Data are 
means ± SE. 
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There was also a significant difference (p<0.001) between 
both BCS level groups in the intervals from calving to first 
estrus and from calving to conception, with the shorter 
intervals being associated with the high-BCS group (Table 2). 
The mean (±SE) interval from calving to conception was 23±1 
weeks for the high-BCS cows {n=14; range 16-32 weeks) and 32±1 
weeks for the low-BCS cows (n=10; range 27-35 weeks) . High-
BCS cows had longer intervals from first estrus to PPW 3 6 and 
from conception to PPW 3 6 (Table 2). 
Likewise, there was a significant difference (p=0.0001) 
in m4BCS attained when comparing the group of cows that became 
pregnant before weaning and the group of cows that remained 
non-pregnant by that time. There was only a trend approaching 
significance (p=0.08) for the comparison between the group of 
cows conceiving by PPW 36 and the group that did not conceive 
by that time (Table 3). 
The BCS level and the rate of change in BCS throughout 
the first 5 weighing periods (Figure 32) were different 
between the group of early conceiving cows (which became 
pregnant by the time of weaning) and the rest of the cows. 
That is, both the group effect and the week*group interaction 
were significant (p<0.05). However, the week*group 
interaction was not significant when the BCS data were 
segregated by the pregnancy status attained by PPW 36. 
Similarly, there were no significant differences in rate of 
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Table 3. Body condition score (BCS) of postpartum Retinta 
cows that conceived or remained pregnant by weaning or by the 
end of the experimental period 
Cow m4BCS groups  ^
Pregnant cows Nonpregnant cows 
Gestational status before weaning 4.5±0.2'  ^ 3.1±0.2'^'" 
(n=16) (n=23) 
Gestational status before PPW36'' 3.9±0.2'  ^ 3.3±0.3'' 
(n=24) (n=15) 
*m4BCS: BCS averaged over 4 {2nd to 5th) scoring periods for 
each COW; data are means ± SE; means within a row having a 
different superscript letter differ (**p < 0.05; *p<0.1). 
'*PPW: postpartum week; the experiment ended on PPW3 6. 
BCS change between groups when the cows were sorted by their 
cyclic status (cows showing estrus at least once versus 
continually anestrous cows) at weaning or at PPW 36. 
C. Other possible influences on cvclicitv 
The effect of lot (North versus South) was not 
significant (p>0.1) for the conception rate or estrous 
occurrence attained by the time of weaning or by the 36th PPW. 
There was a trend (p=0.088) for an effect of social rank 
of the cows on the conception rate attained by the time of 
weaning. This pre-weaning conception rate was 10/18 for the 
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Body condition score (BCS) in conceiving and nonpregnant cows 
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Figure 32. Changes in BCS throughout postpartxiin in 
Retinta cows that conceived or remained nonpregnant by the 
time of weaning. BCS was affected by group and by the 
interaction group x time {p<0.05). 
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dominant cows and 6/21 for the siibordinate cows. The social 
rank did not affect (p>0.1) the other above mentioned 
dependent variables, i.e. conception rate and estrous 
occurrence by weaning or PPW 36. 
When the cows were sorted by parity, the conception rate 
and estrous occurrence attained by the time of weaning where 
greater (p<0.05) for the multiparous versus the primiparous 
cows. However, parity did not affect (p>0.1) the conception 
rate or estrous occurrence reached at PPW 36. 
3. Study of hoxmonal levels 
A. Proaes terone 
Upon preliminary examination of the data, it was 
considered sufficient for the purposes of this study to 
deteinnine plasma levels of P4 and E2 only for those cows that 
became pregnant before weaning (as diagnosed by transrectal 
palpation and/or ELISA P4 kits) , and also for those cows that 
either showed behavioral and hormonal (ELISA) signs of 
cyclicity within the last month before weaning or exhibited 
estrus by the week subsequent to the weaning week. Twenty-one 
cows (11 control and 10 treated) met these criteria, and their 
P4 and E2 profiles are depicted in Figures 3 through 23. 
Therefore, the plasma samples from the 3 additional, 
previously mentioned, latest-conceiving cows were not assayed 
by RIA. For the 21 cows so chosen, all the plasma samples 
collected from the beginning of the blood sampling period up 
to at least the 3rd week of pregnancy were assayed for P4 by 
RIA. The conception week (as shown in Figures 3 through 23) 
was estimated from the hormonal profiles and estrous detection 
data. To follow a consistent criterion, the conception week 
of a given cow was considered to include the first collection 
day (plus the 3 prior and ensuing days) that was in close 
temporal association (±7 days) with estrus or estrous signs 
(if detected) and preceded a series of 3 consecutive weekly 
collection days in which plasma samples with a P4 
concentration >1 ng/ml (Breuel at al., 1993) were collected. 
Whenever an elevation of P4 concentration >1 ng/ml consisting 
of 2 or more consecutive plasma samples was detected for a 
given cow, E2 was also assayed for these plasma samples and 
for those collected during one or more weeks preceding the P4 
elevation. The peak P4 release within the first 3 weeks of 
pregnancy reached 10.4 ng/ml on average and ranged from 7 to 
15 ng/ml. 
Additionally, all the samples from one anestrous cow were 
assayed for P4 and E2 as a representative example of acyclic 
hormonal profile. For that animal, both P4 and E2 levels were 
low and basal, respectively, and hence typical of deep 
anestrus (Figure 24). 
The behavioral data and P4 profiles previous to the 
frequent blood sampling period were characteristic of 
anestrus, except for some unexplainable P4 peaks corresponding 
to the first two blood collections in several cows. Due to 
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the intractable disposition of Retinta cows, blood collection 
was specially difficult during the first weeks of adaptation 
to the selfcapturing stanchions and venipuncture. Indeed, 
some cows had to be immobilized with ropes in the stanchions 
for their first or second weekly blood collection due to 
tenacious bouncing and kicking. Substantial P4 increments 
corresponding to this initial, adapting period can be noticed, 
for instance, in Figxire 6 (cow #647) and Figure 8 (cow #107) . 
In this second example, the P4 peak coincided with the only 
case were a jugular blood sample had to be taken, which posed 
a great stress on the animal. Thus, to avoid the possibility 
of a stress-induced adrenal P4 release biasing the statistical 
comparisons, P4 data from the 1st and 2nd blood sampling weeks 
were not included in the statistical analyses. 
The mean cumulative P4 release (incP4) was calculated as 
described in the Materials and Methods section. Plasma P4 
samples up to the 3rd week of pregnancy were included in the 
statistical analyses. Therefore, the last mcP4 value for each 
cow corresponded to different postpartum weeks depending on 
the interval from calving to conception. Consequently, in 
order to have an equal niomber of observations (i.e., cows) for 
each weekly mean of mcP4 throughout the 29-week postpartiim 
period included in the statistical analyses, the mcP4 value 
corresponding to the 3rd pregnancy week was assigned to all 
the siibsequent samples, which therefore followed a horizontal 
line (see Figures 33 through 36). Otherwise the constantly 
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high P4 values of further pregnancy weeks would have to be 
accounted for, if available, and this would mask the target 
comparisons, which were those regarding onset of cyclicity. 
There was no difference (p>0.1) in mcP4 release between 
treatment groups (Figure 37) . The interaction week*treatment 
on mcP4 release was also not significant (p>0.1), which 
implies that the rate of change in mcP4 release was not 
different between treatment groups. In contrast, both the 
level of mcP4 release and its rate of change overtime were 
greater (p<0.05) for the high- versus the low-BCS cows (Figure 
38) . 
The mcP4 level reached at the 3rd week of pregnancy was 
not different (p>0.1) between treatment groups or between BCS 
level groups. 
For each cow, in addition, the simple cumulative P4 value 
reached on the conception week was subtracted from the value 
reached on the 2nd or 3rd week of pregnancy. The resultant 
values were used to compare the P4 released during the 2 or 3 
first weeks of pregnancy, respectively, between groups of 
cows. These endpoints were not different (p>0.1) between 
treatment groups or between the 2 BCS level groups. 
B. Estradiol 
Excluding the 9-day progestagen implantation period, the 
E2 levels ranged from 7 to 61 pg/ml for the rest of the E2-
assayed samples. A high E2/P4 ratio immediately precedent to 
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sharp P4 increases coincided with estrus and mating behavior, 
when detected (see Figures 3 through 23). Sharp E2 increases 
(42-79 pg/ml) starting at the 2nd sample post-implantation 
were detected, and these E2 levels then decreased 
progressively towards the end of the progestagen implantation 
period. 
Mean cumulative progesterone release up to the 3rd week of pregnancy 
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Figure 33. Profiles of mean cumulative progesterone (P4) release (ratio of cumulative P4 
concentration:sampling week number) in Retinta cows. High-BCS cows of the Control group. 
BCS: body condition score. 
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Figure 34. Profiles of mean cumulative progesterone (P4) release (ratio of cumulative P4 
concentration;sampling week number) in Retinta cows. High-BCS cows of the Treated group. 
BCS: body condition score. 
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Figure 35. Profiles of mean cumulative progesterone (P4) release (ratio of cumulative P4 
concentration;sampling week number) in Retinta cows. Low-BCS cows of the Control group. 
BCS: body condition score. 
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Figure 36. Profiles of mean cumulative progesterone (P4) release (ratio of cumulative P4 
concentration:sampling week number) in Retinta cows. Low-BCS cows of the Treated group. 
BCS: body condition score. 
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Figure 37. Profiles of mean cumulative progesterone (P4) release (ratio of cumulative P4 
concentration:sampling week number) in Retinta cows. Mean values for the Control 
and Treated groups. 
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Figure 38. Profiles of mean cumulative progesterone (P4) release (ratio of cumulative P4 
concentration:sampling week number) in Retinta cows. Mean values for the high- and low-BCS 
(body condition score) cows. 
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DISCUSSION 
1. Treatment effect 
The progestagen treatment combined with temporary calf 
removal was not adequate to induce estrous synchronization or 
ovarian cyclicity in the experimental conditions of this 
study. There appeared to be at least three factors 
interfering with early resxamption of ovarian and estrous 
cyclicity in both Control and Treated cows: suckling, 
undernutrition, and confinement stress. The stress was 
unavoidable because close monitoring needed to be done in 
animals that are not accustomed to confinement in corrals and 
that are competitive and aggressive with each other. It is 
possible that higher conception and estrous rates could have 
been achieved if it was feasible to conduct the experiment 
without confinement, but the confinement did not prevent data 
interpretation for the following reasons. Firstly, the 
obtained data characterizing the ovarian activity are 
biologically meaningful despite the possible stress-induced 
lengthening of the anestrous periods. This study was intended 
to provide basic information for future studies, which might 
eventually be conducted with Retinta cows in free-ranging 
conditions and less intensive monitoring. Secondly, the 
comparisons between Control and Treated cows are valid since 
both groups were managed in the same way except for the 
treatment-related procedures, i.e., ear implant insertion and 
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removal, and temporary calf withdrawal. Furthermore, the 
possible negative influence of confinement stress or the 
interaction of stress and nutrition did not seem to produce 
results markedly divergent from those previously reported for 
free-ranging Retinta cows in dehesa (Aljama, 1982; Lopez et 
al., 1980 & 1988; Martin et al., 1988). Indeed, the high-BCS 
group of conceiving cows (14 animals) in the present study had 
a mean postpartum inteorval to conception of 5.3 months (23 
weeks; Table 2), which is consistent with the corresponding 
means (3.5-5.2 months) for free-ranging Retinta cows fed a 
high dietary supplement in these earlier studies. Likewise, 
this interval was comparable for the 10 conceiving cows with 
low BCS in the present study (7.3 months, i.e., 32 weeks; 
Table 2) and the free-ranging Retinta cows fed a low dietary 
supplement (7.0 months) from these previous reports. The 15 
nonpregnant cows of the present study (10 of which were of the 
low-BCS group; Table 2) were xinder the experimental conditions 
up to 36 weeks (8.3 months) postpartum, therefore no 
comparison can be made with the cows from these earlier 
studies that were maintained in dehesa without dietary 
supplementation and had a mean postpartim interval to 
conception of 8.6-9.3 months. 
The lack of treatment effect was not totally iinexpected, 
since the previous reports (Alonso de Miguel et al., 1981; 
Jimenez et al., 1990 & 1994) indicated a poor response of 
Retinta cows to treatments for induction and synchronization 
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of estrus- However, in spite of the possibility of being 
ineffective, the treatment was tested as a first step for 
future research on Retinta reproduction. In this regard, 
deteinnining the response to a widely used estrous 
induction/synchronization technique with a controlled 
experimental design for the first time in this important breed 
was considered a research priority. In the present study, the 
Synchromate-B (SMB) type of hormonal treatment was 
complemented with the temporary withdrawal of the calf at the 
time of progestagen implant removal. This calf withdrawal 
technique, which had not been tried before in Retinta cattle, 
was used instead of a PHS6 (pregnant mare seriom gonadotropin) 
injection at the time of implant withdrawal (Chupin & Pelot, 
1978), which is the usual protocol variant used in Retinta. 
However, administration of PMSG often results in premature 
oocyte activation, low-quality ovulation and reduced 
conception rate (see Mariana et al., 1992). 
The controls of reproductive function in the Retinta 
breed have remained virtually unknown. The only published 
studies reporting reproductive treatments or some reproductive 
hormone (P4) values were 3 trials of estrous synchronization 
treatments in Retinta cows in dehesa. The treatments utilized 
were the SMB-type protocol with a progestagen ear implant 
(Alonso de Miguel et al., 1981; Jimenez et al., 1990) or the 
PRID (P4-releasing intravaginal device) protocol with its 
estradiol-benzoate vaginal capsule (Jimenez et al., 1994), 
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with both types of treatments complemented with a PMSG 
injection at the time of implant or PRID withdrawal. Although 
the specific effect(s) of the treatments could not be 
determined in these trials because they lacked a control 
group, the overall response and conception rate obtained were 
in general remarkably low. Alonso de Miguel et al. (1981) 
applied the SMB+PMSG protocol to 26 lactating and 31 non 
lactating Retinta cows, of which =30% from each group were 
already cycling, and the treatment resulted in 19% of the 
lactating and 68% of the non lactating cows showing estrus 
within 3 days after the PMSG injection. No BCS, PPD, or 
further estrous detection data were reported by these 
researchers. Bulls were kept with the cows after treatment 
and, in addition, the anestrous cows were artificially 
inseminated at a fixed time. However, only 26% of all cows 
(lactating and non lactating) calved as a result of 
conceptions occurring within 3 weeks post-treatment. In the 
two subsequent trials (Jimenez et al., 1990 & 1994), Retinta 
cows had similarly low responses to the hormonal treatments 
(SMB+PMSG or PRID+PMSG) , although the results were difficult 
to interpret due to the lack of data on systemic hormone 
levels. 
In beef cattle in general, the SMB protocol usually 
induces a rate of synchronized estrus greater than 90%, 
ranging from 77% to 100% depending on the studies (see Odde, 
1990). However, the first-service conception rate to 
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artificial insemination (AI) is variable and ranges from 3 3% 
to 68%, with low conception rates being associated to low 
cyclicity rates pre-treatment. Likewise, the conception rate 
in postpartum beef cows that were anestrous before treatment 
was 30% to 60% depending on the studies (as reviewed by Odde, 
1990). Temporary calf withdrawal for 48 hours after progestin 
(Norgestomet) implant removal improved the synchronized 
pregnancy rate at AI in suckled beef cows (Kiser et al., 
1980). Estradiol-valerate is used as a luteolytic agent in a 
slow-release mixture containing Norgestomet which is injected 
at the time of Norgestomet implant insertion in the SMB 
protocol (see Odde, 1990). Estradiol-valerate has been 
obsejTved to be luteolytic when given duxing the midluteal 
phase (Hansel et al., 1973). However, Pratt et al. (1991) 
observed that the SMB protocol was effective in controlling CL 
function in only 48% of cows when administered on day 3 of the 
estrous cycle (metestrus). In herds of multiparous, suckling 
beef cows in which >50% of the animals had thin body 
condition, Kiser et al. (1980) obtained 50% or 16-20% 
conception rate at fixed-time AI after SMB treatment with or 
without 48-hour calf withdrawal, respectively, although the 
pre-treatment cyclicity status was not reported. 
When cows are treated with progestins (progestagens or 
P4), at the dosages used commercially, to synchronize the 
stage of the estrous cycle in the absence of a CL for most of 
the treatment period, the secretory pattern of LH during the 
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progestin treatment is similar 1:0 that of the follicular 
phase, and this problem can be partially overcome by 
increasing the progestin doses. This increased LH release 
results in the development of a persistent dominant follicle 
during the progestin treatment period that produces more E2 
and for a longer time than the dominant follicles typically 
developed during the luteal phase of the estrous cycle. This 
greater frequency of pulsatile LH release and/or enhanced E2 
secretion probably contributes to the reduced conception rate 
that occurs when using these commercial estrous 
synchronization treatments in comparison with the untreated 
cyclic controls. Fertilization rate of the oocytes ovulated 
from these persistent follicles are similar than those from 
the controls, but the former result in a greater percentage of 
early embryonal death, likely as a result of an abnormal 
oocyte development within the persistent follicles that ends 
up in the ovulation of "aged" oocytes (as reviewed by Kinder 
et al., 1996). 
From the hormonal profiles of the Treated cows of the 
present study, it can be concluded that there was apparently a 
lack of ovulation ensuing treatment in most of these animals, 
as suggested by the formation of a clearly functional, high 
P4-secreting CL within one week after the SMB treatment in 
only 4 Treated cows (#073, 116, 805, and 649; Figures 16, 17, 
20, and 23, respectively). This presumed low ovulation rate 
could be due to a failure in the generation of an adequate 
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preovulatOTTY LH surge that delays che resumption of postpartum 
cyclicity in cows despite having developed large dominant 
follicles (see McNeilly, 1994). This inhibition of the 
mechanisms leading to the LH surge may have been caused by a 
reduced tonic LH release perhaps induced by undernutrition in 
the thinner cows (Rhodes et al., 1995) and/or by the stress 
(see Dobson & Smith, 1995) due to confinement, cow competition 
for food, or the experimental procedures. Although maybe the 
inhibiting factor most constant among cows was the influence 
of the calf, which could be still inhibiting the increases in 
LH pulsatile release (see Williams & Griffith, 1995) despite 
being separated from its dam for 48 hours. Indeed, Shivelly & 
Williams (1989) reported that it may take up to 144 hours of 
temporary calf withdrawal for a cow to "escape" the ovulatory 
inhibition imposed by the calf influence without any hormonal 
treatment. The hormonal treatment in the present study may 
have been insufficient to overcome this inhibitory, calf-
related influence due, perhaps, to the previously mentioned 
factors and a possibly inherent, enhanced maternal behavior. 
Intense manifestations of maternal behavior were noticed 
during the period of temporary calf withdrawal as a frequent 
bellowing of the dams, specially if the calves' vocalizations 
could be heard from the cow corrals (see Materials and Methods 
section). It was necessary to isolate the calves in a 
distant, well closed stable so that their calls could not be 
heard from the cow corrals and the dams markedly reduced their 
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bellowing activity. The fact that che dams kept bellowing 
more than before calf separation despite the strict 
precautions taken for the visual, olfactory and acoustical 
isolation from their calves suggests that the maternal 
behavior of Retinta cows is indeed marked. 
2. Factors affecting cyclicity 
A marked refractoriness to estrous induction and a 
special difficulty in inducing early pre-weaning cyclicity 
seemed to be responsible for the delayed return to estrous 
cyclicity postpartum in both Treated and Control cows 
regardless of body condition. This inertia in the response to 
treatment or time postpartxim might be intrinsic of the Retinta 
breed, as even the high-BCS group of conceiving cows (see 
Table 2) had a long postpartum interval to conception (mean 23 
weeks, range 16-32 weeks), which was also consistent with the 
corresponding mean values reported earlier for free-ranging 
Retinta cows fed a high dietary supplement (Aljama, 1982; 
Lopez et al., 1980 & 1988; Martin et al., 1988). 
This obvious difficulty for early cycling might be based 
in an adaptive trait consisting in an increased suckling-
induced inhibition of LH release with respect to most Bos 
taurus-hased beef cattle breeds, which usually resume estrous 
cyclicity aroxind PPD 50-80 (see Dobson & Kamonpatana, 1986) . 
The postulated adaptive function of this delayed cyclicity 
would be based in the suckling-induced inhibition of ovulation 
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and estrus for an extra period of time, so that rebreeding is 
impeded until the calf is less dependent on the dam's milk and 
hence the nursing frequency and intensity recede. At that 
time, the calf to dam behavioral interactions would be less 
frequent and the lactational energy demand would be 
diminished, with both circumstances likely resulting in an 
increased LH release and the retiim to estrous cyclicity (see 
Williams et al., 1995) . This extra time allowed for the dam 
to improve her metabolic energy balance could be decisive in 
years or periods (specially Summer) of severe drought in the 
dehesa. Thus, this possible hypersensitivity to the 
inhibitory influence of the calf on the resijmption of estrous 
cyclicity could be viewed as representative of the 
characteristics that qualify the Retinta as a "maternal breed" 
(Espejo et al., 1977; SIA, 1986) that is able to nourish the 
calf adequately even under harsh environmental conditions. 
This predisposition for prolonged postpartum anestrous 
periods has been considered not only as an environmentally 
influenced phenotypic characteristic but also as an underlying 
genotypic idiosyncrasy of the Retinta breed (Lopez et al. , 
1988). This putative late-breeding genotype might have 
evolved as a result of the combined action of the harsh 
environment of the dehesa and a lack of directed artificial 
selection since the origins of the Retinta breed. A possible 
explanation for the prevalence of this genotype in Retinta 
populations could be that a prolonged breeding season system 
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maintained during centuries may have preserved the late-
cycling cow genotypes. Wiltbank (1970) concluded that 
prolonged breeding seasons perpetuate poor reproductive 
performance. Particularly in Retinta herds, since bull 
availability is not a limiting factor, early rebreeding does 
not seem a clearly adaptive advantage, specially in a harsh 
and changing environment like the dehesa. In these management 
conditions, seasonal pasture scarcity can jeopardize the 
maintenance of the pregnancies that started relatively early 
in the postpartum period, during the period of high 
lactational demand. Thus, it seems plausible that there has 
been no selective pressxire for early rebreeding in Retinta 
populations. Alternatively, if early lactation is concomitant 
with early pregnancy for a given dam, pasture scarcity likely 
results in a conspicuously reduced gain of its calf in 
comparison with the calves of other cows cycling later in 
their postpartxim periods. Calf gain estimation must have been 
very important in traditional management systems, like that 
still prevailing in Retinta herds, where one of the most 
available criteria for keeping or culling cows is the weight 
(or estimate) of their calves at weaning or slaughter. 
However, culling of Retinta cows is not frequent (at least 
nowadays) and is mainly done as a last resort for older cows 
and cows that persistently fail to calve during several 
consecutive years. 
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It can be considered that the Bos indicus breeds might 
represent an extreme case of the above mentioned reproductive 
adaptation to seasonally dry environments. Zebu cattle can 
thrive and reproduce in semiarid or arid regions of the World 
where other cattle could not, but these Zebu-based breeds are 
also characterized by a prolonged postpartum anestirus, which 
is only partially related to managerial conditions (see Dobson 
& Kamonpatana, 1986; and Randel, 1994). 
The present study was not designed to differentiate 
between the suckling and undernutrition effects on postpartum 
period length. However, a particularly high sensitivity of 
the regulatory mechanisms of the reproductive axis to the 
influence of undernutrition did not appear to be the main 
cause underlying the delayed resximption of postpartum 
cyclicity in the present study, since several cows having very 
low BCS and marked BW loss were still able to show estrus and 
conceive after weaning (see Tables 2 and 3 and Figures 26 
through 31). This could be indicative of the rusticity of 
this breed. Moreover, the fact that some other low-BCS cows 
showed estrus and conceived before weaning (Table 2; Figure 
29) suggests a great individual variation in the influence of 
nutrition on postpartum cyclicity, and this might imply that 
there is some potential for the selection of rustic but early 
rebreeding Retinta cows. As a representative comparison, in a 
study from Schrick et al. (1992), suckled, cycling beef cows 
with a BCS of 5.3 (range 5-6 in a 1-9 scale) became anestrous 
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on PPD =169 after losing 1.3 BCS units and 19% of the initial 
BW. 
In the Retinta cows of the present study, the cumulative 
P4 release during the first 2 or 3 weeks of pregnancy was not 
affected by undernutrition, which is consistent with some of 
the studies (Spitzer et al., 1978; Schrick et al., 1990, 1992; 
Rhodes et al., 1995) reporting the effects of low feeding 
level on luteal phase P4 values in cows (see Section 4.B.b. of 
Literature Review). 
3. Other findings 
The post-estrus plasma P4 levels in the Retinta cows of 
the present study were surprisingly high, reaching 10.4 ng/ml 
(range 7-15 ng/ml) within the first 3 weeks of pregnancy. 
These values are clearly higher than the plasma P4 
concentrations usually reported for beef cattle, which usually 
reach =4 ng/ml (ranging from =3 to ==5 ng/ml depending on the 
studies) during the estrous cycle or the first 3 weeks of 
pregnancy (e.g.. Corah et al., 1974; Ramirez-Godinez et al., 
1982b; Breuel et al., 1989; Schrick et al., 1990 & 1992; 
Murphy et al., 1991). These plasma P4 values of Retinta cows 
are closer to those of dairy cattle, with mean peak levels 
fluctuating around 8-9 ng/ml during the estrous cycle or first 
3 weeks of pregnancy (e.g., Mann et al., 1995). 
Transient P4 elevations preceding the first estrus 
postpartxam were clearly detected when estrus coincided with 
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the frequent sampling period (cow #003, Figure 10, and cow 
#032b. Figure 11, both controls). These P4 elevations lasted 
for 4-6 days and peaked 3 days before estrus reaching 2-4 
ng/ml. Some pro-estrous manifestations (bull's guarding 
behavior or vaginal mucous discharge) were detected for 1-2 
days around the beginning of the P4 elevation in both cases. 
A similar transient P4 release preceding the first postpartum 
estrus has been detected before in beef cows (Humphrey et al., 
1976; La Voie et al., 1981; Perry et al., 1991a; Werth et al. , 
1996), although the average peak values were similar or lower 
(=0.7 to ~2 ng/ml depending on the studies). It has been 
suggested (Corah et al., 1974) that these transient P4 
elevations arise from the adrenal glands. However, later 
studies (Castenson et al., 1976; Odde et al., 1980) showed the 
concurrent presence of a short-lived CL, which was also 
recently confirmed by transrectal ultrasonography (Murphy et 
al., 1990; Perry et al., 1991a). 
In the present study, except for a few exceptions, the 
first estrus postpartxam was associated with conception. From 
the 21 cows whose hormonal levels are depicted in Figures 3 
through 23, only 2 cows (#135, Figixre 15, and #073, Figure 16) 
had a normal-length luteal phase preceding the conception 
week. In the other 19 cows (19/21), conception took place at 
the first estrus postpartum, as assessed by the mount(s) that 
were observed or suggested by diverse signs. This high 
conception rate suggests that pre- or post-implantation embryo 
190 
morrality is not likely an important: cause of the long 
postpartum interval to conception characteristic of the 
Retinta breed. A similar conclusion can be drawn from the 
comparison between the inteorval from calving to first estrus 
and the inter-val from calving to conception in Table 1, which 
shows veiY close or equal values for these endpoints within 
each treatment group. Most of the cows of this study became 
pregnant at. first estrus, even if the BCS was low, again 
suggesting an inherent rusticity. Moreover, perhaps the above 
described high P4 levels constitute an adaptation of the 
luteal function {or the systemic P4 clearance kinetics) that 
helps the maintenance of pregnancy until embryonic 
implantation. Thus, an inherently high P4 secretion or a 
decreased P4 clearance might prevent the systemic P4 
concentration from dropping to levels incompatible with the 
maintenance of pregnancy in Retinta cows. Low P4 levels 
during the first 3 weeks post-conception have been associated 
with early pregnancy failure in cattle (Mann et al., 1995). 
As discussed in Section 4.A.C of the Literature Review, P4 
inhibits the development of endometrial oxytocin receptors 
(Lamming & Mann, 1995). Also, lower plasma P4 levels in 
ovariectomized cows resulted in higher increases of 
circulating PGFM (13,14-dihydro-15-keto-PGF2a) after oxytocin 
challenge from days 13 to 16 of a hormonally simulated estrous 
cycle. This suggested that lower plasma P4 levels during the 
pre-implantation period of pregnancy in the cow may lead to a 
stronger luteolytic signal which could be more difficult co 
overcome by the anti-luteolytic mechanisms developed during 
maternal recognition of pregnancy (Mann & Lamming, 1995) . 
4. Conclusions 
The SMB + temporary calf withdrawal treatment had no 
practical effects when applied as late as 90 days postpartum, 
which is the maximum interval between pregnancies that should 
be allowed if the goal of one calving a year is to be achieved 
to enable the synchrony of Retinta calf growth with the 
seasonal pasture availability in the dehesa. 
The marked refractoriness to the estrous 
induction/synchronization treatment and the prolonged 
postpartum anestrus in Control and Treated cows prevailed even 
at adequate BCS levels. This inertia to an earlier cycling 
seems unresponsive to nutritional improvement and could be 
based in an intrinsic hypersensitivity to the inhibitojry 
influence of the calf on the resumption of estrous cyclicity. 
Undernutrition increased the postpartum interval to 
estrus and conception. However, the Retinta cows seemed to 
exhibit an inherent resistance to the negative effects of 
undernutrition on the resixmption of estrous cyclicity and on 
rebreeding, thus suggesting a characteristic rusticity of this 
breed. In addition, embryo mortality did not seem to be 
responsible for the late rebreeding. 
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In view of the reproductive problems of the Retinta 
cattle breed, genetic programs should be established to select 
early cycling genotypes. At the same time, more research on 
estrous induction/synchronization treatments should be 
conducted to help shortening the calving interval and hence 
the breeding season. 
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